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SCIENCE, TECHNOLOGY, AND NATIONAL SECURITY 

9 October 1959 

GENERAL HOUSEMAN: We are  going to s t a r t  the sc ience  and 

s ecu r i t y  port ion of our gene ra l  lec ture  s e r i e s  of ta lks  this  morn ing .  
knowable 

This  i s  a ~ a u d i e n c e  and it  i s  not n e c e s s a r y  for me to b r ing  

to your attention the impor tance  of sc ience  and technology as it  appl ies  

to the development  of thLs country f rom i ts  inceptLon, and the impor tance  

of sc ience  and technology today. 

The subjec t  of today=s talk i s  "Science,  Technologym and National  

Secu r i t y . "  Our s p e a k e R . ,  Mr .  J .  Car l ton  Ward ,  has been s teeped 

in sc ience  and technology during a lmos t  his  ent i re  adult  Life. And, to 

show what we think of Mr.  Ward, he ls  been here  = ~ - - ~ - ~ - - ~ ' - - ~ . . ' . ~  

i n t e rmi t t en t ly  s ince  1946, Hels been In t imate ly  connected with the 

College during that long per iod  of t ime .  He i s  P r e s i d e n t  of Vitro 

Corporat ion .and C h a i r m a n  of the Board of Advisors  of th is  CoUege. 

Mr .  Ward.  

MR. WARD: Genera l  Houseman, Gentlemen: Yes te rday  I was 

at Aberdeen  and had a v e r y  in t e re s t ing  day in see ing  what the A r m y  

was d isplaying in i ts  new weaponry.  I had this  a s s ignmen t  for today, 

and because  of the kind of l ife we lead in indust ry ,  or l eas t  our ki~id 

of indus t ry ,  I was going to p repa re  for  this  l as t  night.  But the A r m y  

did me  in and I went to s leep .  You're  going to have to bear  with me .  

I wiU t ry  to work out a p roper  sequence for you, because  IIm li~e the 



ca s e  tha t  was  to ld  to me  about  the F e r t i l i z e r  M a n u f a c t u r e r s  A s s o c i a -  

t ion .  It  a p p e a r s  tha t  they  were  t i r e d  of hav ing  these  i m p o r t a n t  s p e a k e r s  

at  t h e i r  annua l  m e e t i n g  and t hey  s u g g e s t e d  s o m e b o d y  speak  to t hem f r o m  

t h e i r  own i n d u s t r y .  And so  the  e x p e r i m e n t  was  t r i e d .  When the day 

c a m e ,  t he se  g e n t l e m e n  had indu lged  v e r y  wel l  in  the  p r e l i m i n a r i e s  be fo re  

d inne r  and were  f ee l ing  no p a r t i c u l a r  pain,  had a good d inner j  and the 

a i r  was r e l a x e d .  The execu t ive  of the a s s o c i a t i o n ,  the p r o f e s s i o n a l  

head,  r o s e  and said" "Well~ a c c o r d i n g  to the w i shes  of the m e m b e r s  

he r e ,  we have no ou ts ide  s p e a k e r  for  th i s  o c c a s i o n .  We have one of 

our  own execu t ives ,  M r .  S o - a n d - s o ,  Vice P r e s i d e n t  of S u c h - a n d - s u c h  

Company ,  who i s  going to speak  to us on humus  f e r t i l i z e r s .  And, be l i eve  

me ,  gen t l emen ,  he i s  ful l  of h is  sub jec t .  ~* 

Now, I tm fu l l  of the sub jec t  a l l  right~ but I would l ike to t r y  to 

leave  you wi th  some  conc lus ions  of your  own, not  of m i n e .  I donl t  

be l i eve  tha t  op in ions  f r o m  th i s  r o s t r u m ,  as  i m p o r t a n t  as  the r o s t r u m  

is ,  should  gove rn  you r  th ink ing .  You a r e  h e r e  to d e t e r m i n e  your  own 

fltinkAng. So I wi l l  t r y  to give you some  exh ib i t s ,  s ome  i n f o r m a t i o n ,  

I wi l l  t e l l  you some  of m y  own conc lus ions ,  and a t  the end I hope tha t  

you wi l l  come  to you r  own. 

Now, t h i s  sub j ec t  I tve been  a s s i g n e d - - S c i e n c e ,  Technology ,  and 

Nat iona l  S e c u r i t y - - c o u l d  obv ious ly  be an e n t i r e  y e a r l s  c o u r s e  and then  

you wouldnt t  do ju s t i ce  to i t .  I t  f u r t h e r  s a y s :  ~An e x a m i n a t i o n  of the  

r o l e  of s c i en t i f i c  r e s e a r c h  and t echno logy  as  a con t r ibu t ion  to na t i ona l  

power  in the m o d e r n  age wi th  an a n a l y s i s  of our  c u r r e n t  pos i t i on  in th i s  
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f i e ld  in r e l a t i o n  to o t h e r  l a r g e  n a t i o n s . "  Now, t ha t t s  quite an a s s i g n -  

m e n t  for  a l e c t u r e  p e r i o d .  

I thought  p e r h a p s  i t  migh t  be good to s t a r t  wi th  s o m e  example s ,  

and I~m going to take  Wor ld  War  I, and the pos i t i on  of G e r m a n y  in  

Wor ld  War  I.  How is  i t  tha t  a na t ion  of r e l a t i v e l y  s m a l l  popula t ion  

in  t e r m s  of wor ld  popula t ion ,  with v e r y  Limited n a t u r a l  r e s o u r c e s ° -  

and G e r m a n y  has  v e r y  l i m i t e d  n a t u r a l  r e s o u r c e s - - c o u l d  t h r e a t e n  the 

e n t i r e  wor ld  and fee l  r e a s o n a b l y  su r e  tha t  she  could win in the p r o c e s s  ? 

Nowj i t  wasn l t  p o l i t i c a l  power .  It wasn t t  m o r a l  power .  It w a s n ' t  

n u m b e r s .  It  was s c i e n c e  and t e c h n o l o g y - - t h e  sub jec t  of your  l e c t u r e  today .  

At tha t  poin t  in  wor ld  h i s t o r y - - a n d  m a n y  of you we re  not  o ld  

enough~ as  I was,  to at  l e a s t  have some  s l igh t  acqua in t ance  with the 
t ime  

cond i t ions  in the wor ld  a t  t h a t 4 - G e r m a n y  had d i s c o v e r e d ,  be l i eve  i t  

o r  not,  the r o l e  of r e s e a r c h ,  It  was the l ead ing  na t ion  of the wor ld  

in  technologym p a r t i c u l a r l y  in c h e m i s t r y .  It  had b r o k e n  the wor ld  

m o n o p o l i e s  of o the r  c o u n t r i e s ,  such  as  Japan,  in  the c a m p h o r  i n d u s t r y ,  

which  was' n e c e s s a r y  in exp los ives ,  of Grea t  B r i t a i n  in indigo,  and in 

m a n y  of the ba s i c  c h e m i c a l s  of the t ime  which  were  grown in t r o p i c a l  

l ands .  Rubber  i s  a t y p i c a l  case ,  which  you dea l t  with in m o r e  r e c e n t  

t i m e s .  G e r m a n y  had b roken  t he se  wor ld  m o n o p o l i e s  by s c i ence  and 

t echno logy .  And G e r m a n y  fe l t  tha t  i t  had in the e c o n o m y  of the na t ion  

m a s t e r y  ove r  l a r g e r  popula t ion  g roups  and na t i o r~  which  were  c i v i l i z e d  

in the s ense  of p o l i t i c a l  c i v i l i z a t i o n  as  she .  And so i t  was A l g e c i r a s ,  
the G e r m a n s  

I be l i eve ,  whe re  ~ f i r s t  showed t h e i r  power ,  o r  t h e i r  a t t i tude  
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t o w a r d  power ;  and, of c o u r s e ,  you know the  h i s t o r y  of Wor ld  War  I. 

You m a y  r e m e m b e r  tha t  we fought  tha t  war  l a r g e l y  with fo r e ign  

o r d n a n c e .  You m a y  r e m e m b e r  the e n o r m o u s  growth  of ou r  av i a t ion  

i ndus t ry ,  f r o m  what  was r e a l l y  a t oy  to a v e r y  l a rge  i n d u s t r y .  

Now, we showed s o m e t h i n g  tha t  the r e s t  of the wor ld  didnt t  have° 

We showed the t e chno logy  of m a s s  p roduc t ion .  This  i s  p e c u l i a r l y  A m e r -  

i can .  I t  s t e m s  out of our  h i s t o r i c  backg round  as  p i o n e e r s  a r r i v i n g  in 

a r i c h  c o u n t r y  with a l l  s o r t s  of r e s o u r c e s ,  with no i n h e r i t e d  t r a d i t i o n a l  

c iviLisat ion,  and wi th  a n e c e s s i t y  to f a sh ion  c i t i e s  and a count ry°  So 

we b e c a m e  a na t ion  of doe r s °  
c o u n t r i e s  

Now, t r a d i t i o n a l l y  the o lde r  t q m ~ m ~ m g g  had i n h e r i t e d  t h e i r  l ands  

and the work  of coun t l e s s  g e n e r a t i o n s ,  

t h i s  c o u n t r y  had to s t a r t  f r o m  s c r a t c h .  

w h e r e a s  the p i o n e e r s  who founded 

So our  thoughts  were  p roduc t ion  

thoughts°  And in Wor ld  War  I we d e m o n s t r a t e d  to the wor ld  the power  

of our  p roduc t ion  m a c h i n e .  

This  c a r r i e s  on t h r o u g h  Wor ld  War  H v e r y  wel l ,  as  you r e c o g n i z e ;  

but  today  our  p roduc t ion  m a s s  t e chn iques  a r e  u sed  even  in  China .  And 

i f  you wi l l  f ind pho tog raphs  of the Ch inese  au tomobi l e  f ac to ry ,  you wi l l  

f ind one of the f i ne s t  m e c h a n i z e d  a u t o m a t i o n s  in the automobLle i ndus t ry °  

So th i s  i s  a phase ,  gen t l emen ,  tha t  you canmt a lways  r e l y  on. 

T h e r e  we re  p l en ty  of m i l i t a r y  o f f i c e r s ,  when I was s e r v i n g  in  Ordnance  

in Wor ld  War  I~ who took fo r  g r a n t e d  the fac t  tha t  our  c o u n t r y  would 

r e s p o n d  in i m m e a s u r a b l e  ways  to any  need  tha t  the m i l i t a r y  p l a c e d  on it ;  

j u s t  give i t  a Little t i m e .  You m a y  r e m e m b e r ,  our  a l l i e s  bought  tha t  
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t i m e  for  u s .  And so  A m e r i c a l s  t e chno logy  was  v e r y  high in m a s s  

p roduc t ion ,  but in  s c i e n c e  i t  was not .  

I do not  be l i eve  tha t  in  the hour  we have today  I can  fu l ly  exp lo re  

with you why I make  tha t  s t a t e m e n t ,  and i t  i s  p a r t l y  t rue  today .  In 

your  p a p e r  h e r e  in  Wash ing ton  th i s  m o r n i n g  you wi l l  r e a d  an a s tound ing  

a r t i c l e  on a s t r o n o m y  and the f o r m a t i o n  of the  u n i v e r s e  by P r o f e s s o r  

Gold~ at  Corne11~ and you wi l l  say~ "WeU~ A m e r i c a  i s  wel l  in  the f r o n t . "  

But P r o f e s s o r  Gold was bo rn  in  Vienna and was an E n g l i s h  c i t i z en .  

He c a m e  to th i s  c o u n t r y  la te  in  l i fe ,  

NowR I am  us ing  th i s  example  " gen t l emen ,  b e c a u s e  i t t s  in  y o u r  

p r e s s  th i s  m o r n i n g .  Much of your  m o s t  advanced  s c i e n c e - - T e l l e r  in  

the hyd rogen  b o m b - - h e  came  f r o m  Hungary .  Dr .  Hans Baede r ,  the 

m a n  who  worked  out the n u c l e a r  cycle  of the sun, which  Lies u n d e r n e a t h  

any  hyd rogen  bomb d e v e l o p m e n t s  and hydrogen  power ,  a l s o  came  f r o m  

E u r o p e .  And so  your  l ead ing  A m e r i c a n  s c i e n t i s t s  a r e  not  a l l  A m e r i c a n s  

in  the s e n s e  tha t  t hey  a r e  not  the p roduc t  of our  c i v i l i z a t i o n .  We have 

i m p o r t e d  t h e m .  Thank heavens  they  have c o m e .  

Do not  t ake  fo r  g r a n t e d  tha t  we a r e  a l ead ing  s c i e n t i f i c  na t ion  in 

the s e n s e  of f undamen ta l  s c i e n c e .  You can  fu l ly  a c c e p t  the fac t  tha t  in  

app l i ed  s c i ence  and in e n g i n e e r i n g  we a r e  a l ead ing  na t ion .  This  i s  

one of the th ings  I hope to focus  your  m i n d s  on in  th i s  day | s  talkw because  

as  m i l i t a r y  people  i t  would not  be expec t ed  tha t  you would fu l ly  e x p e r -  

i ence  o r  u n d e r s t a n d  the d i f f e r ence  be tween  s c i e n t i s t s  and e n g i n e e r s ,  

be tween  t h e o r e t i c a l  s c i e n t i s t s  and  app l i ed  s c i e n t i s t s ,  and ye t  your  fu ture  
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and tha t  of na t i ona l  s e c u r i t y  depends  upon th i s  r e l a t i o n s h i p °  V a n ~ e v a r  

Bush,  in  h is  book a f t e r  Wor ld  War  If, who u n d e r s t o o d  th i s  p r o b l e m  

tho rough ly ,  made  the s t a t e m e n t  tha t  we had used  up f i f ty  y e a r s  of s c i e n c e  

in f ive y e a r s  of war  and i t  behooved  us to f lU the r e s e r v o i r .  

Now, when you a d m i n i s t e r  p r o c u r e m e n t ,  you a r e  n i g g a r d l y  wi th  

r e s p e c t  to f u n d a m e n t a l  s c i e n c e ,  and you a r e  g e n e r o u s  with r e s p e c t  to 

h a r d w a r e  and the appLied b a s i s  of both e n g i n e e r i n g  and s c i e n c e .  

I donl t  suppose  as  a na t ion  tha t  we can change ove rn igh t ,  because  

as  a na t ion  we have given the acco l ade  to t h e  m e n  who p r o d u c e - - t h e  

m a n u f a c t u r e r ,  the Indus t r iaLis t ,  the big b a n k e r - - p e o p l e  who dea l  in  

quant i ty .  This  i s  t y p i c a l l y  A m e r i c a n .  This  ~s not  t rue  in E u r o p e ,  

whe re  the m a n  of i dea s  in s c i e n c e  i s  the big  m a n .  We ca l l  t h e m  eggheads ,  

long h a i r s ,  a b s e n t - m i n d e d  p r o f e s s o r s - - a U  t e r m s  of s e m i - h u m o r o u s  

d e r i s i o n .  These  a r e  not  E u r o p e a n  t e r m s .  

Now, th i s  i s  i m p o r t a n t  to you today,  because  you a r e  in  a wor ld  

r a c e  for  s u r v i v a l  wi th  a na t ion  who does not  ag r ee  with you on th i s  po in t .  

S p u t n ~ s ,  lun lks ,  moon  sho t s  a r e  ev idence .  These  a r e  h igh s c i e n t i f i c  

d e v e l o p m e n t s .  These  a r e  not  h a r d w a r e  d e v e l o p m e n t s  in the pure  s e n s e .  

Yes,  t hey  do have a l a r g e r  r o c k e t  boos~ than  we, and t ha t l s  h a r d w a r e .  

But i t  i s n l t  h a r d w a r e  tha t  can ca l cu l a t e  a sho t  f r o m  the  back  s ide  of 

the e a r t h ,  a l lowing  fo r  the e a r t h | s  ro t a t ion ,  fo r  the clrag of the a t m o s -  

phe re ,  fo r  the m o t i o n  of the  moon,  and a r r i v e  a t  a p r e d e s t i n e d  t i m e  

and spo t  with p r e c i s e l y  the r i g h t  speed  to a c c o m p l i s h  a g iven  ob j ec t i ve .  

T h ~  i s  high s c i e n c e  indeed .  And so,  w h e r e a s  the publ ic  m a y  r e s p o n d  
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n a t u r e ,  
only  b e c a u s e  i t  i s  an a c c o m p l i s h m e n t  of a d r a m a t i c  ~ ,  you should  

look at  i t  d i f f e r e n t l y .  I t  i s  a m e a s u r e  of sc ien t i f i c  capab i l i t y .  

Now, ~ a y  A m e r i c a n s  a r e  inc l ined  to th ink tha t  t h e r e  is  s o m e -  

thing p e c u l i a r l y  w e s t e r n  about  th is  type of capab i l i ty ,  tha t  i t  i s  in a s e n s e  

a p roduc t  of w e s t e r n  c iv i l i za t ion .  This  i s  not t r u e .  Some of the f i ne s t  

w o r l d  s c i e n t i s t s  come  f r o m  the O r i e n t .  D r .  Hadald  Kagawa,  of Japan ,  

s i ng l ehanded ly  p r o d u c e d  the concept  of h i g h - e n e r g y  p a r t i c l e  f i s s ion ,  

the m e s o n .  H e ' s  the au tho r  of the m e s o n .  He pos tu l a t ed  i t  be fo re  anybody had 

e v e r  h e a r d  of i t  o r  m e a s u r e d  i t .  Two Chinese  have r e c e n t l y  exploded  

the  t h e o r y  of p a r i t y - - o n e  of the m o s t  s ign i f i can t  and subt le  unde r ly ing  

b a s i c  p r i n c i p l e s  in t h e o r e t i c a l  p h y s i c s .  

T h e r e  is  no c o r n e r  on sc i en t i f i c  capab i l i t y  in any  one na t ion .  
o w n  

It  i s  not wi se  fo r  us  to fee l  any  s e c u r i t y  with r e s p e c t  to our /capab iLi t i es  

in this f ie ld .  

I attended a th ree-day col loquium at Harvard  here recent ly  in  

which there were Nobel P r i ze  winners f rom Europe, dist inguished A m e r -  

ican s c i e n t i s t s  and e d u c a t o r s ,  s e n i o r  s c i e n t i s t s  f r o m  the Defense  E s t a b -  

l i shmen t ;  and the sub jec t  of  the co l loqu iam was ,  "Wha t  a r e  the in f lu-  

e n c e s  gove rn ing  c r e a t i v i t y ? "  Now, th i s  was  a v e r y  p e n e t r a t i n g  sub-  

jec t ,  b ecause  you r  fu tu re  Lies in what  I th ink  you and  I m e a n  a s  c r e a t i v i t y - -  

the  c r e a t i o n  of new me thods ,  of weapons ,  weapons  s y s t e m s  e m p l o y m e n t ,  

comba t  w a r f a r e .  

Well ,  wi th  a l l  t he se  b r a i n s  f r o m  E u r o p e  and the  Uni ted  S t a t e s  

and t h r e e  d a y s  to w o r k  in, they  n e v e r  s u c c e e d e d  in def ining c r ea t i v i t y °  
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But e v e r y o n e  r e c o g n i z e d  tha t  they  could  i den t i fy  a c r e a t i v e  p e r s o n .  

Now, I won°t c a r r y  you t h r o u g h  tha t  t h r e e - d a y  d i s c u s s i o n  excep t  

to  s a y  tha t  ~ u m  you a r e  dea l ing  with s o m e  v e r y  subt le  th ings  when you 

a r e  t a lk ing  about s c i ence ,  t echnology ,  and na t iona l  s e c u r i t y ,  And i t  

doesnOt l ie  in  tons  of h a r d w a r e .  

Maybe th i s  i s  the t ime ,  then ,  to  d i s c u s s  one o r  two o the r  e x a m p l e s .  

We have c i t ed  Wor ld  War  I and G e r m a n y .  I could  ju s t  a s  wel l  have c i t ed  

Wor ld  War  II and  Germany~  ~ x  b e c a u s e  we in  UaLted A i r c r a f t ,  whe re  

I was:. then employed ,  were  watch ing  Germany0s  r e a r m a m e n t .  Nowm 

what  I have to say  is  in a k ind ly  s e n s e  for  a m o m e n t ,  and i t  m a y  sound 

to you c r i t i c a l .  

A m e r i c a  l ikes  to th ink  in t e r m s  of p e r s o n a l i t i e s  and s l ogans .  

Our  a d v e r t i s i n g  p r o f e s s i o n ,  i f  t ha t t s  the r i gh t  word  fo r  the adve r tLse r s ,  

has  bu i l t  th i s  up. And so we d i spa t ched  a wonder fu l  man ,  a g r e a t  pi lot ,  

to G e r m a n y - - C o l o n e l  1Andburgh- - to  r e p o r t  on the s t a t e  of G e r m a n  

a e r o n a u t i c a l  a r t .  

Th i s  was a g rave  m i s t a k e .  You r e m e m b e r  his  f amous  s p e e c h - -  

I th ink  i t  was  in  Mad i son  Square  G a r d e n - - i n  which  he w a r n e d  tha t  we 

could  not  bea t  G e r m a n y  in  a w a r .  You m a y  a l s o  r e m e m b e r  tha t  he 

came  back  and he i n f i l t r a t e d  the A i r  F o r c e  wi th  the t h e o r y  tha t  t h e r e  

should  be no _~t_r-coo~ed a i r c r a f t  eng ines ;  t ha t  the G e r m a n s  had an in l ined ,  

l i q u i d - c o o l e d  engine  which,  because  of i t s  m o r e  f r o n t a l  a r e a ,  would 

o u t p e r f o r m  any  of our  then  r a d i a l  eng ines  to such  an ex ten t  tha t  they  

we re  obso l e t e .  
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Now, you m a y  r e m e m b e r  the  h i s t o r y  of the  war ,  b e c a u s e  you know 

m o r e  about  i t  than  I do, and you know the f a i l u r e  of the  ~tquid-cooled,  

in!~ned e n g i n e s .  One bu l le t  in  the hea t  i n t e r c h a n g e r  and you s i t  down. 

T h e r e  w e r e  some  o the r  d i f f i cu l t i e s  b e c a u s e  the a e r o d y n a m i c  a s s u m p t i o n s  

w e r e  i n c o r r e c t .  

The Ch ie f  of the  Uni t ed  S ta t e s  A i r  F o r c e  ca l l ed  me  d o w n - -  I was  

then  head  of P r a t t  Whi tney  A i r c r a f t - -  and to ld  me  tha t  i f  you took the 
? /~/~ ( ~ t ' L  ~ 

fu l l  power  of our  l a r g e s t  engine  in  a ta~aCie and le t  i t  f ly  wi thout  any  

d r a g  f r o m  the fu se l age  and the wings ,  wi th  i t s  fu l l  power  i t  could not  go 

ove r  455 m i l e s  an hour .  I wro te  i t  down when he s a i d  th i s ,  b e c a u s e  i t  

was  so  i n c r e d i b l e  tha t  the  head  of our  A i r  F o r c e  could be l i eve  such  a 

th ing .  And as  we went  t oward  the door ,  he t u r n e d  on me  and sa id ,  "What  

a r e  you going to do wi th  t h o s e n o t e s ? "  I sa id ,  "Noth ing ,  G e n e r a l , "  and 
h i s  

I t o r e  t hem up and t h r e w  t h e m  in ~ b a s k e t .  He m u s t  have had a f e e l -  

ing  tha t  t h e r e  was  s o m e t h i n g  wrong .  

Now, he was  the  head  ; of your  A i r  F o r c e - - a  m a n  tha t  I have 

the g r e a t e s t  r e g a r d  for ,  a s  do you.  

T.indbergh was  out  of h is  e l e m e n t .  

But he was  out of h i s  e l e m e n t .  

The G e r m a n  t e c h n o l o g y  was  w o n d e r -  

ful .  It  i s  t oday  in any  a r e a  in  which  t h e y  a r e  f r e e  to p e r f o r m .  And i t  

was  t h e i r  t e c h n o l o g y  tha t  a l lowed  t h e m  to shake  the w o r l d ' s  s e c u r i t y  

and b r i n g  on Wor ld  W a r  H.  T h e i r  Panzaso  t h e i r  S tukas ,  t h e i r  s u b m a r i n e s ,  

to take  a l l  t h r e e  of t h e i z  m a j o r  a r m s ,  w e r e  f a r  in  advance  of the r e s t  

of u s .  You know what  happened  wi th  our  t o rpedo .  

So h e r e  i s  m y  second  e x a m p l e  of s c i e n c e  and t e c h n o l o g y  in  wor ld  
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s e c u r i t y r - f o r  us ,  i n s e c u r i t y  at  tha t  t i m e .  

Now, l e t ' s  come  down to s o m e t h i n g  m o r e  r e c e n t .  L e t ' s  take  
500 

Quemoy .  T h e r e  was  a na t ion  of ove r  ~ m i l l i o n  people  t r y i n g  to take a 

l i t t l e  i s l a n d  wi th in  sp i t t i ng  d i s t ance  off t h e i r  s h o r e .  They  cou ldn ' t  

t ake  i t .  Why?  Sc ience  and t echno logy .  You know what  our  a i r c r a f t  

did to t h e i r  a i r c r a f t .  You know what  our  amph ib ious  landing  t echn iques  

did in supp ly ing  the i s l a n d .  And you know tha t  they  a r e  the f r u i t s  of 

s c i e n c e  and t echno logy .  

I n n u m e r a b l e  e x a m p l e s  can  be given to you out of your  e x p e r i e n c e  

to show tha t  s c i e n c e  and t e chno logy  a r e  the key  to your  s e c u r i t y ,  to our  

n a t i o n ' s  s e c u r i t y .  With 175 m i l l i o n  people  we c a n ' t  s t and  up to a wor ld  

popula t ion  of 2 1/2 b i l l i on  or  m o r e  and be a l ead ing  na t ion  without  s c i e n c e  

and t e chno logy .  

This  i s  so obvious to me  tha t  I=m was t ing  your  t ime ,  but I was 
us 

a sked  in  the b r i e f i ng  fo r  t h i s  l e c t u r e  to c o m p a r e  ~ w i t h  c e r t a i n  o the r  

na t iona .  Nows t h e r e  i s n l t  t i m e  to c o m p a r e  you wi th  a l l  na t i ons .  So 

l id  l ike  to t e l l  you the s t o r y  of how F r a n c e ,  the l ead ing  a e r o n a u t i c a l  

na t ion  of the wor ld  in Wor ld  War  I, f e l l  to a bad s ix th  p r i o r  to Wor ld  

War  IL 

We could e x t r a c t  example  a f t e r  example ,  gen t l emen ,  and the 

i m p o r t a n c e  of the one I jus t  c i t ed  is  tha t  n e i t h e r  s c i e n c e  no r  t e chno logy  

by i t s e l f  w i ~ r i n g  you s e c u r i t y - - o v e r a l l  s c i e n c e  and t echno logy .  It  i s  

not  enough to be a t e c h n o l o g i s t  of the h ighes t  o r d e r .  It i s  not  enough 

to be a s c i e n t i s t  of the h ighes t  o r d e r . . .  I r is  the t e a m .  



Now, le t  us  t r y  to def ine s c i e n c e  and t echno logy ,  so tha t  we can 

b e t t e r  v i s u a l i z e  what  i s  m e a n t  by t h i s  t eam°  

V e r y  of ten you can  be so  c lose  to the woods t ha t  you can t t  s ee  

the  t r e e s .  I th ink  th i s  app l i e s  to what  we a r e  t a l k ing  about  h e r e .  Al l  

of you  have  in your  m i n d  what  you th ink  s c i e n c e  i s .  Al l  of you have  in  

y o u r  m i n d  what  you th ink  t e c h n o l o g y  i s .  I would doubt v e r y  m u c h  

tha t  you would a l l  p a s s  a s t r i c t  e x a m i n a t i o n  on th i s  ques t ion ,  and I do 

not  w i s h  to i n f e r  tha t  a l l  of the  knowledge r e p o s e s  in  m e .  

M a n y  of you m a y  not r e c o g n i z e  t ha t  in  the  M a n h a t t a n  D i s t r i c t  

a c c o m p l i s h m e n t ,  p robab ly~ :he  g r e a t e s t  s i ng l e  s c i e n t i f i c  and  t e c h n i c a l  

a c c o m p l i s h m e n t  in  w o r l d  h i s t o r y ,  t h i s  ques t ion  of the r o l e  of the  s c i e n -  

t i s t  v e r s u s  the r o l e  of the t e c h n o l o g i s t  was  one of the m o s t  p e r p l e x i n g  

of a l l  of the p r o b l e m s  of the a d m i n i s t r a t i o n  of tha t  v a s t  p r o j e c t .  T ime  

ge t s  a w a y  f r o m  one h e r e ;  and in  sp i te  of Dr .  E i n s t e i n ' s  s t a t e m e n t  tha t  

t ime  i s  not f u n d a m e n t a l  in  the u n i v e r s e ,  i t  i s  h e r e  on th i s  p l a t f o r m .  

I td  l ike  to t e l l  you how in an e f fo r t  to so lve  th i s  p r o b l e m ,  s c i e n t i s t s  

w e r e  doing e n g i n e e r i n g  work .  In the des ign  of weapons  and dev i ce s ,  

e n g i n e e r s  w e r e  b rough t  in .  I m m e d i a t e l y  conf l i c t  a r o s e .  

So an  a t t e m p t  was  made  to t e a c h  s c i e n t i s t s  e n g i n e e r i n g °  It  d idnt t  

work .  An a t t e m p t  was  made  to ge t  e n g i n e e r s  who ac t ed  l ike  s c i e n t i s t s .  

I t  d idn ' t  work .  So f i n a l l y  s o m e b o d y  sa id ,  "Wel l ,  I g u e s s  what  we 've  

got to do i s  to c a t ch  t h e m  young and t r a i n  them°  : Le t  us  now get  s o m e  

r e c e n t  e n g i n e e r s  who have now gone into  r e s e a r c h  a s  a p r o f e s s i o n ,  but 

who have not  been out of s choo l  long enough tha t  t h e y  have h a r d e n e d  
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t h e i r  a r t e r i e s  in t h e i r  th inking,  and le t  us  b r i n g  t hem into  the p r o j e c t .  ,t 

So a c e r t a i n  gen t l eman ,  Dr .  Leo L inge r ,  to ld  me the s t o r y  h i m -  

se l f .  Without  knowing why, he was tapped  at  the S t anda rd  Oil  l a b o r a -  

t o r y  in  C a l i f o r n i a  and to ld  to go to Argonne  and r e p o r t .  He a r r i v e d  

a t  Argonne  not knowing what he was r e p o r t i n g  on, and a v e r y  t i r e d - l o o k i n g  

s c i e n t i s t  c ame  out  to see  h im and handed  h im a big q u e s t i o n n a i r e .  (You 

cant t  move  in the G o v e r n m e n t  wi thout  a q u e s t i o n n a i r e .  ) It  was ful l  of 

pages .  He f i l l ed  them aU out, and got to the end and i t  sa id ,  "Wha t  

a r e  your  hobbies  ? i t  

Well ,  he d idn ' t  know how to a n s w e r  tha t  exac t ly ,  but he wrote ,  

"Camping ,  sk i ing ,  s w i m m i n g " - - t h i n g s  of t h i s  s o r t ,  and then  he paused .  

The s c i e n t i s t ,  who was wai t ing  for  h im to f i n i sh  th i s  q u e s t i o n n a i r e ,  sa id ,  

"Can  I help y o u ? "  " W e l l , "  he sa id ,  " I  dont t  know whe the r  to put th i s  

down o r  not .  I be long to the Soc ie ty  of A m a t e u r  M a g i c i a n s .  t~ 

The s c i e n t i s t  c l apped  his  hands  and sa id ,  " B r o t h e r ,  y o u ' r e  in .  

T h a t | s  what  we need  on th i s  p r o j e c t . "  

That  only  d r a m a t i z e s  the fac t  tha t  t h e r e  i s  a d i f f e r e n c e .  I t  i s n l t  

a s i m p l e  d i f f e r ence ,  but  i t ' s  a r e a l  d i f f e r e n c e .  So sc i ence ,  as  I s h a l l  

def ine i t  fo r  you today,  i s  e s s e n t i a l l y  t aken  f r o m  L o r d  Kelvin,  one of 

the wor ld t s  g r e a t  s c i e n t i s t s ,  in  which  he sa id :  " I f  you c a n ' t  p r e c i s e l y  

m e a s u r e  some th~g~  i t  i s  not  s c i e n t i f i c . "  

Think of tha t  for  a m inu t e .  This  m e a n s ,  then ,  that  e c o n o m i c s  

i s  not  a s c i ence ,  and you ca l l  i t  a s o c i a l  s c i e n c e .  The r e a s o n  i t  i s  not  

a s c i e n c e  is  because  t h e r e  i s  no a v e r a g e  m a n .  You canSt p r e c i s e l y  
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m e a s u r e  a m a n .  Yet  a l l  of e c o n o m i c s  d e a l s  wi th  e s s e n t i a l l y  u s e s  

by  man ;  and as  soon a s  you b r i n g  m a n  into an equat ion ,  you do not  have 

in  a s t r i c t  s e n s e  a s c i e n c e .  

No two g e n t l e m e n  in t h i s  r o o m  th ink  a l ike ,  ac t  a l ike ,  or  look a l i ke .  

I c a n ' t  m a k e  a s t a t i s t i c a l  s u r v e y  of t h i s  r o o m  and  come  out wi th  an a n s w e r  

how any  one of you would ac t  in  any  one s e t  of c i r c u m s t a n c e s .  

P s y c h o l o g y  a t t e m p t s  to do t h i s .  I s tud ied  p sycho logy ,  and i t  t augh t  

me  m a n y  t h i n g s .  It  t aught  me  m o s t l y  the l i m i t a t i o n s  of p sycho logy ,  

and the i n t e l l i g e n c e  quot ien t  s y s t e n ~ ,  and the r e s t  of i t .  If  you have a 

son who has  been  the v i c t i m  of one of t hose ,  I can  only  s y m p a t h i z e  wi th  

you, b e c a u s e  t h e y  do not  app ly  u n i v e r s a U y .  S o m e t i m e s  the m o s t  b r i l -  

l i an t  m i n d  ge t s  a v e r y  poor  r a t i n g .  

T h e y  app ly  only  s t a t i s t i c a l l y  to m a y b e  80 p e r c e n t  of h u m a n s .  

Th i s  i s  not  s c i e n c e  in  the s e n s e  tha t  we a r e  going to t a lk  about  i t  h e r e  

today,  b e c a u s e  in  the  L o r d  Kelv in  def in i t ion  of s c i e n c e j  i t  doesn t t  m a t t e r  

w h e t h e r  you l r e  a Ch inaman ,  a R u s s i a n ,  or  an  A m e r i c a n - - a n d  l i l i  give 

you an  e x a m p l e - - t h e  s i ze  of an e l e c t r o n .  Th i s  i s  m e a s u r e d  p r e c i s e l y .  

In the  c e n t i m e t e r  s y s t e m  itSs 10 to the m i n u s  21st power .  And i t ' s  

m e a s u r e d  j u s t  a s  p r e c i s e l y  in  Tokio or  in  Moscow as  i t  i s  h e r e  in  the 

Uni t ed  S t a t e s .  T h e r e  i s  no a v e r a g e  e l e c t r o n .  

So, now, s c i e n c e  dea l s  wi th  m a t e r i a l s  and forces~ wi th  the be ha v -  

i o r  of the  u n i v e r s e ,  in a m e a s u r e d ,  r e p e t i t i v e  way.  And i t  ha s  a l so  

been  s a i d  by g r e a t  s c i e n t i s t s  tha t  s c i e n c e  has  p ro~r res sed  no f a s t e r  than  

the i n s t r u m e n t s  tha t  i t  can  dev i se  fop i t s  m e a s u r e m e n t s .  You see ,  t h i s  
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is another way of backing up Lord Kelvin. Itts a more modern approach. 

This is why we build the 200-inch telescope, Dr. Gold, in your 

paper this morning~ in his statement shows some of the fruits of one 

new instrument. This great thing that the Air Force is going to build 

in Puerto Rico for measuring the ~ energy of electrons in the 

Van Allen belt, where the radar energy alone is enough to kill a man, 

where the dip will be a thousand feet--this is only an instrument, and 

the science of that Van Allen belt will not progress one bit better than 

tha t  ins t ru ro  en t .  

So now, when you t a lk  about  s c i ence ,  ~ p l e a s e  r e m e m b e r  

tha t  you l r e  t a lk ing  about  s o m e t h i n g  tha t  m u s t  be m e a s u r a b l e  p r e c i s e l y  

and r e p e a t e d  o v e r  and o v e r  aga in  and a lways  with the s a m e  r e s u l t s .  

Now, le t  me  clip aga in  into s o c i a l  science~ not  tha t  I a m  in any  

s e n s e  t r y i n g  to s a y  tha t  a soc i a l  s c i e n t i s t  i s  not au then t i ca l l y  n e c e s s a r y ,  

needful ,  p r o f e s s i o n a l ,  and i m p o r t a n t .  I f  anything,  I ' m  t r y i n g  to show 

you tha t  he has  the toughes t  job of a l l .  

But the law of supply  and demand ,  which  had s tood  up a s  a tex tbook 
in economics 

law/for so long, was suspended politically by one of our recent 

dynasties here in our own Government. It was a dirty word, and here 

in Government you didntt refer to supply and demand. It was stated that 

it was a fallacy. And aU sorts of economists gave lip service and actual 

service to this change of viewpoint. Today itts slightly more fashion- 

able than it was, and now therets an honest difference. But it is an 

acknowledged principle, at least worthy of study and reflection. 
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You don°t t r e a t  the law of g r a v i t a t i o n  tha t  way.  And when Newton 

f i r s t  w o r k e d  out the m a t h e m a t i c s  of g r a v i t a t i o n ,  no one h a s  changed  

tha t  today ,  i nc lud ing  E i n s t e i n j  who mod i f i ed  the law of g r a v i t a t i o n ,  

which  i s  an a r g u m e n t  t ha t  can be th rown  up on the o t h e r  s ide ,  b e c a u s e  

a l l  E i n s t e i n  did was  to show tha t  t h e r e  a r e  minu te  e r r o r s  in the  law of 
p e r c e i v e d  

g r a v i t a t i o n  as  announced  by  New ton, wkich  could not have been  

wi th  the  i n s t r u m e n t a t i o n  of tha t  age .  And i t  took h im f r o m  1905 to 1919, 
they  were  

I th ink  i t  was ,  to p rove  tha t  t h e r e  w e r e  s u c h  e r r o r s ,  ~ so sub t l e .  

Having  p r o v e n  the e r r o r s  and f u r n i s h e d  the t h e o r y ,  we now have the 
and his 

E i n s t e i n  T h e o r y  of Grav i t a t i on ,  ~ a t t e m p t  to work  out a 

un i f i ed  f i e ld  t h e o r y .  

Th i s  i s  s c i e n c e .  So now t r y  in  your  m i n d s  to s e e  the d i f f e r ence  

be tween  s c i e n c e  and o t h e r  bod ies  of knowledge,  w h e t h e r  t h e y  a r e  po l i t -  

i ca l ,  e conomic ,  h i s t o r i c ,  l i n g u a l c - ~ t  doesn l t  m a t t e r . - ~ - t h e y  a r e  not 

s c i e n t i f i c .  I t  doesn t t  pay  to c a l l  t h e m  s o c i a l  s c i e n c e s  and t h e r e b y  t r y  

to m a k e  t h e m  . ~ c i e n s e s .  They  are  not .  And the on ly  r e a s o n  t h e y  a r e  

c a l l ed  s o c i a l  s c i e n c e s  i s  b e c a u s e  of conven ience  of a d m i n i s t r a t i o n  in  

educa t i ona l  e s t a b l i s h m e n t s ,  and the f ac t  t ha t  t h e y  do use  s o m e  s c i e n t i f i c  

t e c h n i q u e s ,  s u c h  as  s t a t i s t i c a l  t e c h n i q u e s  and the l ike .  

A l l  r i g h t .  Now t echno logy .  What  i s  i t ?  Now, g e n t l e m e n ,  you 

a r e  off and a w a y  f r o m  s c i e n c e .  

y o u l r e  m a k i n g  a g r e a t  m i s t a k e .  

If  you th ink  an e n g i n e e r  i s  a sc ien t i s to  

It=s j u s t  a s  b ig  a m i s t a k e  i f  you th ink  

a s c i e n t i s t  i s  an  e n g i n e e r .  And th i s  i s  the  m o s t  c o m m o n  m i s t a k e  in  

the MiLi ta ry  E s t a b l i s h m e n t - - t o  ge t  t h e s e  two fe l lows  confused .  
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the 
Nowj ~m e n g i n e e r  has  to take  s c i e n c e  and h a r n e s s  i t  fo r  the 

use  of  man .  An example  i s  the bui ld ing  of a b r i dge .  The m a t h e m a t i c s  

of the c a l c u i a t i o n  of s t r e s s  i s  s c i en t i f i c ,  but the app l i ca t i on  is  not .  

Why?  Itve been  a sked  to bui ld  a b r idge  be tween  t h e s e  two banks  of 

a r i v e r .  So m y  f i r s t  ques t ion  i s ,  How l a r g e  a b r idge  ? The a n s w e r  

i s ,  Well ,  the b r idge  shou~i  be l a rge  enough to t ake  c a r e  of the t r a f f i c  
o u r  

in  the nex t  50 yearsm which  i s  i~s~ass lgned  Life of the b r i d g e .  

now, I tve got a c r y s t a l  ba l l .  What i s  the t r a f f i (  50 y e a r s  Well ,  

f r o m  now? 

v e h i c l e s  ? 

What a r e  the axle  loads  ? 

What i s  the t r a f f i c  d e n s i t y ?  

What  a r e  the speeds  of the 

What  a r e  the s o c i a l  hab i t s  of 

the t r a f f i c  tha t  wi l l  p a s s  ove r  th i s  b r idge  . 50 y e a r s  f r o m  now? Wil l  

e v e r y b o d y  get  out of work  a t  five o l c lock  in  the even ing  and have a 

Wash ing ton  t r a f f i c  j a m ?  WiU we have l e a r n e d  s o m e t h i n g  and d i s t r i bu t e  

the t r a f f i c  load ove r  a r e a s o n a b l e  p e r i o d  of t ime  ? Wil l  our  s o c i a l  con-  

cep ts  e v e r  ca t ch  up wi th  some  of our  g e n e r a t e d  e n g i n e e r i n g  s c i e n c e  

p r o b l e m s  ? I dontt  know. 

But l ive  got to know. I have to des ign  a b r idge .  How m a n y  l anes  

wide wi l l  I make  i t ?  Well ,  I ' ve  got to know what  t r a f f i c  i s  going o v e r  
do I know how 

i t .  How~much t r a f f i c  i s  going ove r  i t ?  Well j  I m u s t  f i r s t  decide  what  

the r o a d  s y s t e m s  a r e  tha t  f eed  t h i s  b r i d g e .  What  i s  the g rowth  of 

the towns on both  s ides  of the r i v e r  ? Imm not going to c a r r y  th i s  any  

f u r t h e r .  The e n g i n e e r t s  t a sk  i s  not  s c i e n t i f i c .  I t l s  a s o c i a l  s c i e n c e  

in the sense,  tha t  the poor  e c o n o m i s t  has  to work  in .  

Now, the minu te  you t r a i n  a m a n  to th ink  in those  t e r m s ,  gen t l emen ,  
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you  have  d e s t r o y e d  h i m  a s  a s c i e n t i s t ,  b e c a u s e  he m u s t  c o m e  to i n t u i t i v e  

d e c i s i o n s .  T h a t  t n g i n e e r  m u s t  i n t u i t i v e l y  look  in  h i s  c r y s t a l  b a l l  a n d  

d e c i d e  how b ig  t h e s e  c o m m u n i t i e s  a r e  a n d  wha t  the  r o a d  s y s t e m s  a r e  

g o i n g  to  be and  w h a t  the  v e h i c l e s  of the  f u t u r e  w i l l  l ook  l i k e .  T h i s  i s  

no t  s c i e n c e .  I t  c a n ' t  be m e a s u r e d .  

So the  e n g i n e e r  i s  a m a n  t r a i n e d  to u s e  h i s  i n t u i t i o n ,  and  the  s c i e n -  

t i s t  i s  a m a n  who looks  down on i n t u i t i o n .  I t  i s n ' t  m e a s u r a b l e .  T h e y  

dont t  t h i n k  a l i k e .  T h e y  d o n ' t  a c t  a l i k e .  But  a s  a t e a m  n e i t h e r  c a n  e x i s t  

w i thou t  the  o t h e r .  

The  s c i e n t i s t  b e c o m e s  s t e r i l e  i f  he j u s t  s i m p l y  l o c k s  h i m s e l f  i n  
g r i n d s  

an  i v o r y  t o w e r  and  ~ out  new t h e o r i e s ,  e v e n  i f  he p r o v e s  t h e m  

e x p e r i m e n t a l l y ,  w h i c h  i s ,  of c o u r s e ,  the  t o o l  of  s c i e n c e .  The  e n g i n e e r  

i s  s t e r i l e  i f  he n e v e r  h a s  a n y  new o r  m o r e  m o d e r n  k n o w l e d g e  to a p p l y  

to the  s o l u t i o n  of h i s  p r o b l e m s .  He b e c o m e s  a m e r e  t e c h n i c i a n .  

A l l  r i g h t .  L e t  u s  s a y  f o r  the  m o m e n t  t h a t  we have  d e f i n e d  s c i e n c e  

and  t e c h n o l o g y .  

Now, the  s c i e n t i s t s  f a d  i n to  two b r a c k e t s - - t h e  t h e o r e t i c i a n  a n d  

the  e x p e r i m e n t a l i s t : -  . And  t h e y  a r e  j u s t  a s  f i x e d  in  t h e i r  l i t t l e  h a b i t s  

of m i n d  a s  the  d i f f e r e n c e  b e t w e e n  the  e n g i n e e r  and  the  s c i e n t i s t  • A t  

L a s  A l a m o s  the  a r g u m e n t  h a s  n e v e r  b e e n  s e t t l e d  a s  to  w h e t h e r  the  

t h e o r e t i c a l  s c i e n t i s t  p o s t u l a t e d  the  s i z e  of a c r i t i c a l  m a s s  f i r s L  o r  

w h e t h e r  the  e x p e r i m e n t a l  s c i e n t i s t  d e t e r m i n e d  i t  b y  cu t  and  t r y  and  fed  

b a c k  to  the  t h e o r e t i c a l  s c i e n t i s t  the  a l g e b r a i c  t e r m s  to pu t  i n  t h e i r  

e q u a t i o n .  
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Now you see  the conf l i c t  in  those  two p r o f e s s i o n s ,  or  a s p e c t s  

of a p r o f e s s i o n .  T h e s e  th ings  you m u s t  know i f  you want  to u n d e r s t a n d  

the r o l e  of s c i e n c e  and t e c h n o l o g y  in  na t i ona l  s e c u r i t y .  I t ' s  the o v e r a l l  

t e a m ,  the o v e r a l l  c apab i l i t y ,  tha t  you m u s t  e x a m i n e  and look f o r .  Th i s  

i s  what  i s  i nvo lved  in  the moon  sho t s ,  the Lunik,  and the Sputnik,  and 

the r a c e  tha t  i s  going o n ~ .  Th i s  i s  why s o m e  people  o r a t e  on our  

i m p o r t a n c e  in equa l l i ng  or  s u r p a s s i n g  t h e s e  R u s s i a n s '  s p e c t a c u l a r  deve l -  

opmen t s ,  v e r s u s  those  who say ,  a s  has  been  sa id ,  " D o n ' t  was t e  you r  

e f fo r t  on those  t h ings .  You,  ve got to l i ck  them on the i n t e r c o n t i n e n t a l  
b a l l i s t i c  
m i s s i l e  t r i p s . "  I t  i s n ' t  t ha t  s i m p l e ,  in  m y  opinion.  You m u s t  come to 

you r  own. 

D r .  B e r k n e r  on t h i s  p l a t f o r m  gave you a v e r y  f ine ta lk ,  which  I 

a t t ended ,  be fore  t h i s  c l a s s ;  and he ou t l ined  the too ls  tha t  we have in 
conf l i c t  

our  c o u n t r y  to t r y  and b r i n g  o u r s e l v e s  up in  t h i s  w o r l d  m m u ~  of s c i e n c e  

and t echno logy .  I have found i t  a v e r y  i n t e r e s t i n g  p a p e r ,  and I have 

r e a d  i t  s e v e r a l  t i m e s  s i n c e .  I r e a d  i t  when I c ame  h e r e ,  b e c a u s e  I d idn ' t  

w i s h  to dupl ica te  o r  conf l ic t  wi th  the s t o r y  he gave you, which  was  a 

s t o r y .  
s c h o l a r l y  i n s t .  Now, h e ' s  a s c i e n t i s t .  I a m  no.  I ' m  not even  an 

e n g i n e e r .  / ~ i n e t e e n  fou r t een  e n g i n e e r s  w e r e  a l i t t l e  d i f f e r en t  than  

t h e y  a r e  today .  

And so I did v e r y  e a r n e s t l y  w i s h  to see  what  he would t e l l  t h i s  

g roup .  He ou t l ined  for  you the r e s o u r c e s  tha t  we have in  t h i s  c o u n t r y  

in  t h i s  r a c e  v i s - a - v i s  R u s s i a ,  but f r o m  a scientL~t0s point  of v i ew.  
s c i e n t i f i c  

He e s s e n t i a l l y  gave you a v e r y  s c h o l a r l y  ~ point  of view,  and a 
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.$ood one, and f r o m  a m a n  who in the s c i e n t i s t s '  own c a t e g o r y  has  

d e g r a d e d  h i m s e l f  by b e c o m i n g  an a d m i n i s t r a t o r .  

Now, you m u s t  u n d e r s t a n d  what  the s c i e n t i s t  m e a n s  by  tha t .  The 

P r i n c e t o n  Ins t i tu t e  for  Opinion and R e s e a r c h  has  made  an  e l a b o r a t e  

s tudy  on t h i s  ques t ion :  Why do s c i e n t i s t s  look down upon s c i e n t i s t s  

who become  a d m i n i s t r a t o r s  ? I could  s a y  the s a m e  thing,  s i n c e  I work  

a l i t t l e  bi t  on the f r i n g e s  of educa t ion .  Why do p r o f e s s o r s  look down 

upon m e n  who become  deans  and p r e s i d e n t s  of e d u c a t i o n a l  e s t a b l i s h m e n t s  ? 

How m a n y  of you know the old def in i t ion  of a dean  of a co l lege  ? A dean 

of a co l l ege  i s  a m a n  who i s  not  s m a r t  enough  to be a p r o f e s s o r ,  but 

too damn  s m a r t  to be p r e s i d e n t  of the u n i v e r s i t y .  In o the r  w o r d s ,  as  

you go in to  a d m i n i s t r a t i o n ,  you go down g r a d e .  The f u r t h e r  you go into  

a d m i n i s t r a t i o n ,  the f u r t h e r  you ~ f f i ~ f f i ~ r ~  a r e  d o w n - g r a d e d .  
i nna t e ly ,  

Now, s c i e n t i s t s  have t h i s  f e e l i ng / and  the P r i n c e t o n  Ins t i tu te  has  

t r i e d  to f ind out and eva lua t e  t h e s e  f a c t o r s .  I ts  r e p o r t  i s  f a s c i n a t i n g  

for  any  of you who have  to do wi th  a d m i n i s t r a t i o n  of t h e s e  k inds  of 

people ,  to s ee  why t h e y  look a t  you as  a v e r y  i n f e r i o r  i nd iv idua l .  

I th ink  the t i m e  has  a r r i v e d  fo r  s u b j e c t i n g  you to s o m e  e x h i b i t s .  

( C h a r t  1) The tool  of s c i e n c e  i s  r e s e a r c h .  The tool  of e n g i n e e r i n g  i s  

d e v e l o p m e n t .  T h e r e  i s  no f ine Line be tween  r e s e a r c h  and d e v e l o p m e n t .  

So we have to show i t  m o r e  o r  l e s s  en m a s s e .  

Now, I c ~ n o t  go back  to the s t a r t  of r e s e a r c h  and deve lopmen t  

in  the Uni ted  S ta t e s ,  which  h i s t o r i c a l l y  was  about  the y e a r  1900-1903, 
i 

with  the  f i r s t  c o m m e r c i a l  l a b o r a t o r y  a t  Schenec t ady ,  wi th  s e v e n  s c i e n t i s t s .  
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P r i o r  to 1900, a l l  of t h i s  func t ion  was  done by s o - c a l l e d  i n v e n t o r s - -  

T h o m a s  E d i s o n .  The p r o c e s s  of i nven t ion  i s  t o t a l l y  d i f f e r e n t  f r o m  

the p r o c e s s  of r e s e a r c h .  

of d i f f e r en t  d i s c i p l i n e s  

R e s e a r c h  i s  a t e a m  e f f o r t - - c o m b i n i n g  m e n  

and knowledge  t o g e t h e r  u n d e r  a l e a d e r s h i p .  

On th i s  c h a r t  you wi l l  s e e  tha t  as  we e n t e r e d  W o r l d  W a r  H, the 

t o t a l  amoun t  of r e s e a r c h  dome in the  Uni t ed  S t a t e s  was  on the o r d e r  of 

300 m i l l i o n s  of d o l l a r s - - a b o u t  138-9. It i s n ' t  on t ha t  c h a r t .  

You wi l l  no t ice  tha t  in  Wor ld  W a r  II the  amoun t  of r e s e a r c h  J u m p e d  

in  a p e r i o d  of about  a y e a r  and a ha l f  to a b i l l i on  200 m i l l i o n  f r o m  th i s  

300 m i l l i o n  l e v e l - - a  t r e m e n d o u s ,  g igan t i c  i n c r e a s e .  I t  doe sn t t  show on 
l i m i t a t i o n s  

th i s  cb~r t ,  b e c a u s e  th i s  i s  one of the  ~ of s o c i a l  s t a t i s t i c s .  I had  

to m a k e  the c h a r t  b ig  enough to b r i n g  you r e a s o n a b l y  up to da te .  Th i s  

m a k e s  t h e s e  e a r l y  e f fo r t s  s e e m  f a i r l y  i n c o n s e q u e n t i a l .  They  w e r e  not .  

They  w e r e  f a n t a s t i c  in  t h e i r  i m p a c t  and  in t h e i r  t o t a l  m a s s  e f f ec t .  We 

had d i s c o v e r e d  u n d e r  the  c r i t i c a l  condi t ion  

ro l e  of r e s e a r c h .  So, as  you see ,  i t  r a n  up, 

of na t i ona l  s e c u r i t y  the 

and then  i t  p r o c e e d e d  to 

come down unde r  the " B r i n g  the boys  back  home by  C h r i s t m a s "  p h i l o s o p h y .  

Now, you wi l l  no t ice  tha t  t ha t  Little, f ine  cu rve  u n d e r n e a t h ,  which  

i s  the i n d u s t r i a l  r e s e a r c h ,  did not  come  d o J ~ ,  He re  you have  one of 

the g r e a t  a d v a n t a g e s  ove r  R u s s i a  in  t h i s  s i m p l e  c u r v e .  I n d u s t r y  th inks  

for  i t s e l f .  G o v e r n m e n t  r e s p o n d s  to p l ann ing .  

Now, the  b i g g e s t  A c h i l l e s  t hee l  in  the  R u s s i a n  s y s t e m  i s  tha t  it0s 

a p l anned  s y s t e m ,  and i t  i s  not  one b i t  b e t t e r  than  the p lan .  I t  can t t  be .  

The p l ann ing  i s  by a few.  Under  our  s y s t e m  the p l ann ing  i s  by  the m a n y .  
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And unde r  any  s o c i a l  s t a t i s t i c a l  app roach ,  as  an  e n g i n e e r  I would l ike  

to s a y  to you, I p r e f e r  the m a n y  to m y  p ick ing  out these  I . Q .  wonde r s  

and t u r n i n g  o v e r  the s e c u r i t y  of m y  c o u n t r y  to t h e m .  

So he r e  i n d u s t r y  sa id :  " L o o k .  

r e s e a r c h  and we do not  t u rn  b a c k . "  

We have d i s c o v e r e d  th i s  too l  of 

You wi l l  f ind tha t  f r o m  tha t  t ime  

on, t h e r e  n e v e r  was  a t u r  nln~ back  by i n d u s t r y .  

On the o the r  hand,  t h e r e  was by Gove rnmen t ;  and i t  was  a v e r y  

s e r i o u s  t u r n - b a c k .  I had to a p p e a r  be fo re  the C o n g r e s s  a t  that  t ime  

in  mak ing  a p lea  fo r  con t inued  r e s e a r c h  fo r  our  own s e c u r i t y .  I have 

n e v e r  fo rgo t t en  i t .  

Now, i f  you wi l l  look a t  G o v e r n m e n t  r e s e a r c h ,  you wi l l  see  today  

where  G o v e r n m e n t  r e s e a r c h  s t ands  v i s - a - v i s  i n d u s t r i a l  r e s e a r c h ;  a n d  

you wi l l  see  tha t  the h a r d - b o i l e d  f r e e  e n t e r p r i s e  ~en t l eman  has  been  

th ink ing  p r e t t y  h a r d .  

(Cha r t  2). Over  on the lef t  you wi l l  see  where  the m o n e y  c o m e s  

f r o m .  I n d u s t r y  only  puts  up two t h i r d s  of the  m o n e y  and the  G o v e r n m e n t  

a t h i r d .  Tha t  3 p e r c e n t  a t  the top fo r  the u n i v e r s i t i e s  i s  the m o s t  i m p o r -  

tan t  p a r t  of the c h a r t .  Tha t  i s  the m o n e y  tha t  goes  in to  th i s  s o - c a l l e d  

bas i c ,  f undamen ta l  r e s e a r c h ,  wi thout  which  the r e s t  of th i s  th ing  would 

w i t h e r .  

Now, ove r  h e r e  you  wi l l  see  tha t  the u n i v e r s i t i e s  get  help f r o m  

the  Defense  E s t a b l i s h m e n t  and o t h e r  p i e c e s  of the Gove rnmen t ,  and so 

they  a c t u a l l y  do 6 p e r c e n t  of the  work .  The F e d e r a l  G o v e r n m e n t ,  wi th  

33 p e r c e n t  of the money ,  does  15 p e r c e n t  of the work .  And he r e  i s  you r  
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f r e e  e n t e r p r i s e  p a r t  of the pie, . .  

(Cha r t  3). Now, I have to move  fas t  h e r e .  I a lways  make  the 

m i s t a k e  of coming  be fo re  you wi th  too ~ m a n y  s a m p l e s  in m y  bag.  

Here  i s  F e d e r a l  ob l iga t ions .  This  i s  only  the G o v e r n m e n t t s  s ide .  

These  a r e  t h r e e  s u c c e s s i v e  y e a r s .  You wi l l  see  the  degree  of g rowth  

in  the t o t a l  r e s e a r c h  in  the |rife s c i e n c e s ,  the p h y s i c a l  s c i e n c e s ,  and 

down below the s o c i a l  s c i e n c e s .  You wi l l  see  tha t  the s o c i a l  s c i e n c e s  

do not  t ake  the  amoun t  of m o n e y  tha t  t h e s e  o t h e r s  do; and, of c o u r s e ,  

m o s t  of t h e i r  work  i s  done with pens  and p e n c i l s  and IBM c o m p u t e r s .  

(Char t  4) I donlt  know whe the r  you can  see  the t i t l e  of t h i s .  ~xx  

Itms the F e d e r a l  ob l iga t ions  fo r  r e s e a r c h  and deve lopmen t  by c h a r a c t e r .  

Here  you wi l l  no t ice  tha t  the b lack  i s  the t o t a l  conduct  of r e s e a r c h  and 

d e v e l o p m e n t .  Th i s  dot ted  g r a y  is  t o t a l  d e v e l o p m e n t .  And then  you have 

to t a l  r e s e a r c h  and bas i c  r e s e a r c h ,  

I put  th i s  c h a r t  in  fo r  you b e c a u s e  I want  to r e e m p h a s i s e  our  

d e f i c i e n c y  in  b a s i c  r e s e a r c h  and the fac t  tha t  I am an opti~nist  and I 

be l i eve  our  c o u n t r y  r e s p o n d s  to i t s  d e f i c i e n c i . ~ ,  because  the g rowth  

in th i s  (bas ic  r e s e a r c h )  p e r c e n t a g e w i s e  i s  f a r  g r e a t e r  than  the  g rowth  

in  the o t h e r .  Th i s  i s  one of the f rees t  th ings  tha t  I could  put  on the 

b o a r d  fo r  you, even  though the  amoun t  of m o n e y  tha t  goes  in to  it. i s  

quite s m a l l .  Eut  the va lue  of that ,  which  i s  t h i s  l i t t l e  6 p e r c e n t  th ing  

which  you saw on the u n i v e r s i t y  cha r t ,  i s  the key  to the whole p r o b l e m ;  

and i t  c e r t a i n l y  i s  the key  to moon  sho t s .  

(Cha r t  5) This  wi l l  give you the F e d e r a l  ob l iga t ions  fo r  r e s e a r c h  
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and  deve lopmen t  by a g e n c i e s .  At  th is  point  you change the c h a r t .  

This  i s  a d i f f e r en t  ~ s c a l e .  So, t ak ing  the top h e r e ,  you wil  1 find 

tha t  the bulk of the m o n e y  goes  to the D e p a r t m e n t  of De fense .  Those  

a r e  b i l l ions  of d o l l a r s .  U n d e r n e a t h  tha t  you find the A tomic  E n e r g y  

C o m m i s s i o n ,  and that ,  a s  you see ,  i s  hundreds  of  m i l l i ons  of d o l l a r s .  

When you get  down he re ,  you ge t  down even  below a h u n d r e d  mi l l i on  

d o l l a r s ,  and you come  to the D e p a r t m e n t  of C o m m e r c e ,  wi th  the B u r e a u  

of S t a n d a r d s  and the W e a t h e r  B u r e a u  and a lot  of v e r y  v i t a l  th ings  fo r  

you, which,  again ,  w e r e  c o v e r e d  in L~oyd BerknerOs speech ,  and you 

wil l  s ee  tha t  in mi l l i ons  of d o l l a r s  i t t s  c o m p a r a t i v e l y  s m a l l .  

You wil l  f ind tha t  he re ,  th i s  r e a l l y  be longs  up with  Defense ,  
A d v i s o r y  

a l though i t  i s  l i s t ed  down below.  And thai ,  of c o u r s e ,  is. t h e / C o m m i t t e e  

for  A e r o n a u t i c s .  You a r e  going to have the Space Agency  on a m o r e  

m o d e r n  c h a r t ,  but  those  s t a t i s t i c s  a r e  not ye t  a v a i l a b l e .  

You will  not ice  f r o m  the c iv i l  point  of v iew tha t  th is  

Educa t ion  and We l f a r e  i s  t ak ing  now a f a i r l y  l a r g e  s l i ce  of the r e s e a r c h  

m one y .  

( C h a r t  ~)  Now, h e r e  you have the t r e n d s .  This  I th ink i s  quite 

i m p o r t a n t  to you g e n t l e m e n .  This  i s  the  p e r c e n t a g e  of the F e d e r a l  budget  

t ha t  i s  going into r e s e a r c h  and deve lopmen t .  You wil l  not ice  tha t  th is  
th roughout  the 

i s  cont inuing to go up.  This  i s  the r ecogn i t i on  ~ G o v e r n m e n t  

of the ro le  of r e s e a r c h .  And you know tha t  y o u r  weapon s y s t e m s  b e c o m e  

obso le te  in a r e l a t i v e l y  few y e a r s  in the m o r e  advanced  t y p e s  of s y s t e m s ,  

and longe r  p e r i o d s  fo r  the m o r e  s t ab le  types  of s y s t e m s ;  and t h e r e f o r e  
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i t  i s  h e r e  tha t  you ought to be pu t t ing  your  m o n e y ,  b e c a u s e  you c a n ' t  

do t h i s  u n d e r  cond i t ions  of w a r  too qu ick ly .  T i m i n g  i s  the e s s e n c e .  

Up above you f ind the F e d e r a l  t r e n d s  in  s c i e n t i f i c  r e s e a r c h  and deve lop-  

m e n t  in  b i l l i ons  of d o l l a r s ,  and you see  tha t  i t ' s  a n i c e - l o o k i n g  c u r v e .  

But th i s  i s  the one tha t  you have to watch  ( p e r c e n t  of t o t a l  F e d e r a l  

e x p e n d i t u r e s ) .  

( C h a r t  7) Now, t h i s  has  to go on to show you our  d e f i c i e n c i e s .  

I have only  got on t h i s  one c h a r t  U . S .  and Sovie t  e n g i n e e r s .  You wi l l  

no t ice  t ha t  back  h e r e  in  1952, as  we c a m e  down off the war  c u r v e - -  

G. I. ' s  who went  to c o l l e g e - - t h e  R u s s i a n s ,  who a r e  p r e t t y  s m a r t  h o m b r e s  

when i t  c o m e s  to f i gu r ing  out t h e i r  own d e f i c i e n c i e s ,  s t a r t e d  on t h i s  

f a n t a s t i c  c u r v e .  

Rea l ly ,  g e n t l e m e n ,  t h i s  i s  wha t  I th ink  K h r u s h c h e v  m e a n t  when  

he s a i d  h e ' s  going to b u r y  u s .  He fu l ly  r e c o g n i z e s  tha t  i t  i s  s c i e n c e  

and t e chno logy  tha t  d e t e r m i n e s  what  fo r  want  of a b e t t e r  de f in i t ion  I 

wi l l  c a l l  m o d e r n  c i v i l i z a t i o n .  You would not  have y o u r  c i v i l i z a t i o n  

in  th i s  c o u n t r y  i f  i t  had not  been  for  the b u s y  l i t t l e  e n ~ n e e r  who ground  

out the a u t o m o b i l e s  and the r a d i o s  and the t e l e v i s i o n s  and the c o m m u n i -  

ca t i ons  s y s t e m s  and the r o a d  n e t w o r k s  and a l l  t he se  t h ings  tha t  m a k e  

m o d e r n  l i fe .  You wouldn ' t  have a c i v i l i z a t i o n  l ike  t h i s .  

Wel l ,  then,  i f  i t  i s  the  e n g i n e e r  who has  made  i t ,  l e t ' s  s ee  what  

w e ' r e  doing in  t e r m s  of our  c o m p e t i t i o n .  And th i s  to m y  m i n d  i s  m u c h  

m o r e  s i g n i f i c a n t  t h a ~ t r y i n g  to c o m p a r e  t h e s e  e c o n o m i c  s t a t i s t i c s  

as  to the r a t e  of g rowth  of R u s s i a  v e r s u s  u s .  T h e s e  a r e  the people  who 
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m a k e  i t  g row.  I know tha t  i f  t h e r e  a r e  l a w y e r s  and o the r  people  he r e ,  

t h e y  p r o b a b l y  t h i n k t h a t  I ' m  m a k i n g  a plug for  e n g i n e e r s .  I ' m  on ly  

m a k i n g  a plug for  na t i ona l  s e c u r i t y ,  

m a k e  the na t ion  s e c u r e .  

( C h a r t  8) 

t i f i c  e x c e l l e n c e .  

b e c a u s e  the l a w y e r s  r e a l l y  don ' t  

Now, g e n t l e m e n ,  i t ' s  h a r d  to f ind a m e a s u r e  for  s c i e n -  

I have come upon th i s  one, t hanks  to the New York  

s o m e t h i n g  
T i m e s ,  and I want  to point  out ~ h e r e  for  a m i n u t e .  

These  a r e  the Nobel  P r i z e s  a w a r d e d .  In o the r  words ,  in  the  

opinion of an independen t  wor ld  agency ,  w h e r e  a r e  the  g r e a t e s t  s c i e n -  

t i s t s ?  So we use  the ~ J b e l  P r i z e  now as  ou r  m e a s u r e .  And you see  

the Uni ted  S ta t e s  in  p h y s i c s  got  8, Sov ie t s  3, 

of a t o t a l  of 22. Th i s  i s  s i n c e  Wor ld  W~r II~ 

and o t h e r  na t ions  ll* out 

you no t i c e .  

Now, you take  c h e m i s t r y ,  U.S. 8 out of 17, wi th  the  Sovie t s  one.  

Med ic ine  and phys io logy ,  which  the Sovie t s  t r y  to m a k e  the wor ld  be l i eve  

they  a r e  so e x t r e m e l y  a dvanced  in,  s u c h  as  the t r a n s p l a n t i n g  of n e r v e s  

and a l l  t h i s  m o d e r n  t e chno logy  t h e r e ,  t hey  d idn ' t  ge t  one.  Here  we 

got 16. So you see  the s i g n i f i c a n c e / o f  tha t  m o n e y  I showed  you on the 

e a r l i e r  c h a r t  t ha t  we put in to  the l i fe  s c i e n c e s .  

Wel l ,  g e n t l e m e n ,  i t  looks  p r e t t y  good.  You ought  to fee l  p r e t t y  

n ice  at  t h i s  poin t .  But t h e r e ' s  a j o k e r .  Who a r e  t h e s e  m e n  who got 

the Nobel  P r i z e s  ? Unfo r tuna t e ly ,  a lot  of t h e m  w e r e  born ,  r a i s e d ,  

and educa t ed  in E u r o p e  and came  o v e r  h e r e .  T h e y  a r e  not  A m e r i c a n -  

t r a i n e d  s c i e n t i s t s .  One of the p r o b l e m s  in  our  u n i v e r s i t i e s  i s  to get  

s t uden t s  who want  to be l o n g - h a i r e d  p r o f e s s o r s  in t e r m s  of the 
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theoretical sciences. They tend to all want to become applied scien- 

tists, because this gets the dough, this gets the kudos; and in the United 

States we run on a rule of dough. That is not as good as it looks. 

(Chart 9). Here are the science and engineering graduates from 

universities and comparable educational institutions in the latest year 

tha t  we can f ind t h e m .  I th ink  th i s  c o m p a r i s o n  i s  w o r s e  today  than  th i s  

c h a r t  shows .  

You wi l l  f ind t h e r e  tha t  the s c i e n c e  and e n g i n e e r i n g  d e g r e e s  a r e  

90, 000 in  one y e a r  f r o m  the USSR out of t o t a l  d e g r e e s  a w a r d e d  of a l m o s t  

a q u a r t e r  of a m i l l i on ,  and tha t  the p e r c e n t a g e  of s c i e n c e  and e n g i n e e r i n g  

d e g r e e s  i s  37 p e r c e n t  and ou r s  i s  19. 

But now look h e r e .  England,  44 p e r c e n t ,  F r a n c e  29 p e r c e n t ,  

G e r m a n y  34 pe r cen t ,  I t a ly  26 p e r c e n t .  Th i s  i s  y o u r  A c h i l l e s "  hee l .  

You 've  got to defend our  coun t ry .  Here  i s  your  weak spot .  

(Cha r t  10) Now, h e r e  i s  the U .S .  v e r s u s  Sovie t  i n s t i t u t i o n s  of 

h ighe r  l e a r n i n g .  Not ice  tha t  the Uni ted S ta tes  has  1368, and the Sovie ts  

762, which  m e a n s  no th ing .  Here  were  the s tuden t s  in 1955. Here  a r e  

the b a c c a l a u r e a t e  g r a d u a t e s .  My heavens ,  i s n ' t  t h i s  odd? When a 

R u s s i a n  s tuden t  goes  to co l lege ,  he g r a d u a t e s .  This  i s  u n h e a r d  of. 

W e ' r e  a f r ee  c o u n t r y .  You don ' t  have to g r adua t e .  Now, 80 p e r c e n t  

of t he se  fe l lows  had a l l  t h e i r  tu i t ion  pa id  and they  got a w o r k e r ' s  s a l a r y  

in  addi t ion;  and the Sovie ts  r e q u i r e  for  tha t  a quid p r o  q u o - - t h a t  he g r adua t e .  

F u r t h e r m o r e ,  tha t  h i s  m a r k s  a r e  f a i r l y  good.  This  guy w o r k s .  He 

d o e s n ' t  t ake  the c o u n t r y  club c o u r s e .  
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Now, h e r e  a r e  the  t e c h n o l o g i c a l  s t uden t s  in  the  Uni ted  S t a t e s  

and R u s s i a .  T h e r e  i s  you r  A c h i l l e s '  h e e l  aga in .  

( C h a r t  l l)  Here  a r e  the  Sovie t  i n s t i t u t i o n s  of h i g h e r  educa t ion .  

Not ice  ~mdxtheir  e n g i n e e r i n g  and t e c h n i c a l  s choo l s ,  in  t e r m s  of t h e i r  

o the r  s c h o o l s .  He re  aga in  a r e  the f i g u r e s  tha t  you saw on the o the r  

c h a r t .  Those  a r e  the f i g u r e s .  But now look.  C o r r e s p o n d e n c e  s c h o o l s .  

A R u s s i a n  c o r r e s p o n d e n c e  schoo l  i s  a s e r i o u s  p iece  of b u s i n e s s .  If 

you u n d e r t a k e  a c o u r s e  in  a c o r r e s p o n d e n c e  school ,  i t ' s  m u c h  b e t t e r  

for  you to f i n i s h  i t .  Th i s  i s  an add i t i ona l  supply ,  not shown on the 

o the r  c h a r t .  

Now, the M i l i t a r y  A c a d e m y  one i s  the one tha t  nobody i s  s u r e  

about .  T h a t l s  the m o s t  h idden th ing  and you c a n ' t  ge t  a t  i t  too we l l .  

But i t ' s  quite  l a r g e  in  t e r m s  of our  t h r e e  s e r v i c e  a c a d e m i e s  in  any  c a s e .  

( C h a r t  12) Here  i s  s o m e t h i n g  we donl t  have in c o m p a r a b l e  f o r m .  

The R u s s i a n s ,  wi th  t h e i r  s t a t e  p l ann ing  and educa t ion ,  have d i s c o v e r e d ,  

what  we know, tha t  e v e r y o n e  i s n ' t  equ ipped  by n a t u r e  to be an e n g i n e e r  

o r  s c i e n t i s t ,  e i t h e r  one.  Our  e d u c a t o r s  have s a i d  tha t  on ly  18 p e r c e n t  

of our  boys ,  y o u t h - - a n d  i t  shou ld  s a y  " g i r l s  ~' b e c a u s e  we donlt  i n h e r -  

en t l y  look in tha t  d i r e c t i o n - - a l t h o u g h  m o r e  and m o r e  women  a r e  t ak ing  

e n g i n e e r i n g  d e g r e e s  in the Uni t ed  S ta tes ,  but  i t ' s  s t i l l  v e r y  s m a l l , - -  hu t  

our  e d u c a t o r s  s a y  tha t  only  18 p e r c e n t  of our  youth  have the m e n t a l  

equ ipment ,  mo t iva t ion ,  and so  fo r t h  to be an e n g i n e e r  o r  s c i e n t i s t .  

Now, R u s s i a  d i s c o v e r e d  th i s ;  but she  a l so  d i s c o v e r e d  tha t  t h e r e  

a r e  a lot of youths  in R u s s i a  tha t  have the m e c h a n i c a l  s e n s e  to work  with 



t h e i r  hands  s k i l f u l l y .  They  th ink  t h r e e - d i m e n s i o n a l l y .  T h i s  i s  the 

e s s e n c e  of an e n g i n e e r - - t o  th ink t h r e e - d i m e n s i o n a l l y .  R u s s i a  has  

l e a r n e d  tha t  th i s  i s  a v a s t  r e s e r v o i  r .  So R u s s i a  has  s e t  up a s y s t e m  

c a l l e d  t e c h n i c u m s .  I am to ld  t h e y  have  3000 t e c h n i c u m s .  He re  i t  s a y s  

3~53; so I s u s p e c t  t h a t ' s  about  r i g h t .  And these  people  who g radua t e ,  

who a r e  l a rge  in number•  a r e  a s u p p l e m e n t  to t h e i r  e n g i n e e r i n g  g r a d u a t e s .  

So the p i c t u r e  i s  m u c h  w o r s e  than I showed you.  And you know• 

f r o m  t ime  to t ime•  p a r t i c u l a r l y  in Sou the rn  Ca l i fo rn ia •  people  s a y  

you was t e  you r  e n g i n e e r i n g  t a l en t .  You have  e n g i n e e r s  out h e r e  doing 

d ra f t i ng .  You have e n g i n e e r s  m a k i n g  m a t e r i a l  l i s t s .  

a t e c h n i c i a n  ? They  m a k e  p e r f e c t l y  fine d r a f t s m e n .  

m a t e r i a l  lists• et  ce t e ra •  et c e t e r a .  

R u s s i a  does  not .  

Now, the one ca se  we have in th i s  c o u n t r y  tha t  fo l lows  t h i s  
• of which  I have 

p h i l o s o p h y  ~ ~ ~ x ~  p e r s o n a l  e x p e r i e n c e  anyway• i s  in  

e l e c t r o n i c s •  b e c a u s e  t h e r e  t h e r e  a r e  a lot  of s c h o o l s - - a n d  c e r t a i n l y  

the r~rmy, Navy• and Ai r  F o r c e  a l l  do t h i s - - t h a t  g r adua t e  t e c h n o l o g i s t s  

in  e l e c t r o n i c s .  T h e s e  m e n  you wi l l  f ind in  our  e l e c t r o n i c  f a c t o r i e s  

m a k i n g  the b r e a d  b o a r d  m o d e l s .  You wi l l  f ind t hem doing work  tha t  we 

would have e n g i n e e r s  doing in  the o the r  e n g i n e e r i n g  p r o f e s s i o n s .  

So he re  you 've  got  an  e x a m p l e  in the Uni t ed  S t a t e s  whe re  we have 

gone th i s  rou te .  But we h a v e n ' t  f o r m a l i z e d  i t  the way the R u s s i a n s  have .  

And th i s  i s  aga in  one of the a d v a n t a g e s  of t h e i r  s t a t e  p lann ing .  When 

the K r e m l i n  p u s h e s  a button,  i t  happens .  
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o w n  
I t h i n k  t h e y ' r e  abou t  to g ive  t h e i r / e d u c a t i o n a l  s y s t e m  a body  b low 

b y  f o l l o w i n g  K h r u s h c h e v ' s  l a t e s t  l ine ,  w h i c h  i s  t h a t  nobody  can  go to 

c o l l e g e  who h a s n ' t  gone to w o r k  f i r s t .  You have  to w o r k  e i t h e r  on a 

f a r m  o r  in  a f a c t o r y .  H e ' s  do ing  t h i s  b e c a u s e  he woke  up a n d  found out  

t h a t  the  b u r e a u c r a t ' s  s o n s  w e r e  the o n e s  t ha t  w e n t  to the  u n i v e r s i t i e s .  

( C h a r t  13) Now l e t ' s  t ake  a n o t h e r  f a c e t  of  the  p r o b l e m .  We have  

t a l k e d  abou t  the  e n g i n e e r i n g  t a l e n t  and  c a p a b i l i t i e s  of the  two s y s t e m s .  

L e t ' s  s e e  i f  we can  f ind  a n y  dat~ in  the  s o c i a l  s c i e n c e  r e a l m  t h a t  w i l l  

b a c k  up the  t h e o r y  t h a t  i t  i s  the  e n g i n e e r  t h a t  m a k e s  o u r  c i v i l i z a t i o n .  

F i r s t  off, y o u r  c i v i l i z a t i o n  i s  m a d e  by  p r o d u c t i o n - - e i t h e r  f u r n i s h -  

ing  you goods  a n d  s e r v i c e s - - a n d  s e r v i c e s  a r e  a s  i m p o r t a n t ~ a s  g o o d s - -  

and  t h i s  m e a n s  t r a n s p o r t a t i o n  and  the  l i k e - - w h o  does  i t ,  a n d  how do t h e y  

do i t ?  I u s e d  to show a c h a r t  b e f o r e  t h i s  c o l l e g e  s h o w i n g  t h a t  in  1855, 

in  the  C i v i l  W a r  p e r i o d ,  m e n  w o r k e d ,  p h y s i c a l l y  w o r k e d ,  and  h o r s e s  

w o r k e d .  Now we have  t a k e n  a l l  the  l o a d  off  m e n  a n d  h o r s e s  and  we 

have  pu t  i t  now on ou r  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m .  So t h a t  we bake  

cakes by electricity, and we mix things by electricity. We do everything 

by electricity. We wash the dishes, we wash the clothes, we iron the 

clothes. Everything you can think of now we just put another socket 

in the wall and go to work. 

Well, this, then, would be an interesting test; and this chart is 

original, as far as I know, with me. I wanted to see how the figures 

furnished by the social statisticians of the Department of Commerce for 
classical 

our standard of living--which in theory ought to be, in old Imr~r~ 
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e c o n o m i c s ,  the  k ind  I s t ud i ed ,  the  s t a n d a r d  of l i v i n g  i s  the  t o t a l  of  

goods  and  s e r v i c e s  p r o d u c e d  in  a y e a r ,  d i v i d e d  by  the  popu la t i on ,  

a s s u m i n g  t h a t  i t ' s  e q u a l l y  d iv ided .  

Now, you t ake  the  D e p a r t m e n t  of C o m m e r c e  f i g u r e s  a s  f a r  b a c k  
E l e c t r i c  

a s  we can  g e t  t h e m .  We take  the  E d i s o n  t i n s t i t u t e  f i g u r e s  fo r  k i l o w a t t  

p r o d u c t i o n  a s  f a r  b a c k  a s  we can  ge t  t h e m .  We know t h a t  t h e r e  a r e  s o m e  

m i n o r  a s s u m p t i o n s  and  e r r o r s  in  h e r e ,  and  I a g a i n  s a y  I a m  u s i n g  s t a t i s -  

t i c s ,  w h i c h  i s  not  an  e x a c t  s c i e n c e .  And  I u s e d  the  d e f i n i t i o n  b e f o r e  

t h i s  a u d i e n c e  b e f o r e  t h a t  a s t a t i s t i c i a n  i s  a m a n  who  d r a w s  a s t r a i g h t  

l ine  f r o m  a n  u n w a r r a n t e d  a s s u m p t i o n  to a f o r e g o n e  c o n c l u s i o n .  Now, 

h a v i n g  e x p o s e d  m y s e l f ,  l e t  m e  s a y  t h a t  I t r i e d  to g ive  you  the  b e s t  I 

cou ld  ge t .  I know t h e r e  a r e  e r r o r s  in  tlRso If t h e r e  a r e  s o c i a l  s c i e n t i s t s  

in  the  r o o m ,  t h e y  c a n  he lp  you  po in t  out  wha t  t h e s e  e r r o r s  a r e .  But  

t h i s  i s  the  b e s t  you c a n  ge t  t h a t  I know of. 

So I have  d i v i d e d  the  k i l o w a t t  h o u r s  e r l e r g y  o v e r  the  E d i s o n  s y s t e m  

a s  f a r  b a c k  a s  1903, w h i c h  i s  the  e a r l i e s t  of  r e c o r d ,  by  the  p o p u l a t i o n  

and  I c o m e  up w i th  the  a m o u n t  of e l e c t r i c a l  e n e r g y  p e r  u n i t  of  p o p u l a t i o n  

in  the  U n i t e d  S t a t e s  o v e r  a 5 0 - y e a r  p e r i o d .  Then  I got  the  s t a n d a r d  of 

l i v i n g  f r o m  the  D e p a r t m e n t  of C o m m e r c e  o v e r  a 5 0 - y e a r  p e r i o d .  B y  

Jove ,  t h e y  r u n  a n e c k - a n d - n e c k  r a c e .  

T h i s  i s  Like s a y i n g  to you  t ha t  y o u r  s t a n d a r d  of l i v i n g  i s  b a s e d  

upon the  a m o u n t  of e n e r g y  p r o v i d e d  b y  y o u r  e n g i n e e r s  f r o m  n a t u r a l  

s o u r c e s  of e n e r g y - - c o a l ,  oi l ,  f ue l s ,  a t o m i c  and  the  l i k e - - d i s t r i b u t e d  

to  the  popu la t i on ,  u s e d  in  p r o d u c t i o n  p r o c e s s e s  a n d  t r a n s p o r t a t i o n  and  
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the  l i k e - - i t ' s  the  a m o u n t  of  e n e r g y  d i v i d e d  by  the  popu la t i on ,  c o m p a r e d  

wi th  the  a m o u n t  of  g o o d s  and  s e r v i c e s  t ha t  the D e p a r t m e n t  of  C o m m e r c e  

s a y s  e a c h  one  of you s t a t i s t i c a l l y  ha s  a s  a c i t i z e n  of the  U n i t e d  S t a t e s .  

You w i l l  f ind  tha t  t he  e n g i n e e r  ha s  c r e a t e d  the  p r o c e s s  of  p r o d u c t i o n  

a n d  of d i s t r i b u t i o n .  

( C h a r t  14) H e r e  a r e  the  s t a n d a r d s  of  l i v ing  of the w o r l d ,  a s  

c o m p u t e d  o v e r  in :~]our C o l l e g e  f r o m  the  b e s t  s o u r c e s  a v a i l a b l e .  You 

w i l l  n o t i c e  t ha t  the  USSR i s  down h e r e .  You w i l l  a l s o  n o t i c e  tha t  we a r e  

a t  t he  top.  You wi l l  s e e  the  n a t i o n s  tha t  a r e  a t  t he  top .  A n d  e v e r y  one  

of t h e m  i s  the  k i n d  of n a t i o n  t h a t  you l ike  to th ink  abou t  and  i s  s o r t  

of l ike  us .  T h i s  i s  a v e r y  f l a t t e r i n g  s o r t  of  s t a t e m e n t  to m a k e .  

I t ' s  i n t e r e s t i n g  tha t  s u c h  n a t i o n s  as  F r a n c e ,  w h i c h  we have  s e e n  

go ing  t h r o u g h  qu i t e  an e c o n o m i c  s t r u g g l e ,  a r e  f a i r l y  w e l l  down the  l i ne ,  

not  too m u c h  b e h i n d  the  U n i t e d  K i n g d o m ,  w h i c h  ha s  had  i t s  s t r u g g l e .  

T h e s e  f i g u r e s  a r e  fo r  '57 ,  and  I a s s u r e  you  t h e y  w o u l d  be a l i t t l e  d i f f e r e n t  

t o d a y .  But  w h e n  you ge t  down to h e r e ,  t h e s e  f i g u r e s  d o n ' t  m e a n  so  m u c h ,  

b e c a u s e  the  s t a t i s t i c i a n  c a n n o t  c o l l e c t  the  s t a t i s t i c s  fo r  s o m e  of t h e s e  

m o r e  p r i m i t i v e  n a t i o n s .  Aga in ,  I have  u s e d  the  e x a m p l e  tha t  a m a n  in  

the  P h i l i p p i n e s  g e t s  h u n g r y  and  he w a k e s  up, has  a f e e l i n g  in  h i s  s t o m a c h  

tha t  s a y s  he had  b e t t e r  ea t .  He g o e s  out  of h i s  l i t t l e  t h a t c h e d  hut  and  

~ w a n d e r s  out  and  c o m e s  to a b a n a n a  t r e e  and  p u l l s  off a b a n a n a  

o r  m a y b e  four  o r  f ive  and  e a t s  t h e m .  He f e e l s  b e t t e r .  But  i t  d o e s n ' t  

go t h r o u g h  the  s t a t i s t i c s  a t  the  F i r s t  N a t i o n a l  Shopp ing  C e n t e r .  

so  the  s t a n d a r d  of l i v ing  down h e r e  i s  to s o m e  ex t en t ,  I th ink,  
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e c o n o m i c  g r o w t h  of the  U n i t e d  S t a t e s  v e r s u s  the  p o p u l a t i o n .  
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N e v e r t h e l e s s ,  i t  wou ld  have  to be v a s t l y  d i f f e r e n t  t h a n  the  s t a t i s t i c s  

show to be a r e a l l y  i m p o r t a n t  f a c t o r .  So you can  a c c e p t  t ha t ,  w h e r e a s  

i t  m a y  not  be a c c u r a t e ,  i t  a t  l e a s t  i s  m e a n i n g f u l  to s h o w  i t  t h i s  way~ 

Now, o u r  s e c u r i t y  today ,  i n  m y  h u m b l e  op in ion ,  i s  b a s e d  

upon our  p o p u l a t i o n  t i m e s  o u r  s t a n d a r d  of l i v i n g .  T h a t ' s  wha t  you  h a v e  

to f igh t  a w a r  wi th ,  p l u s  y o u r  c a p a b i l i t y ,  w h i c h  m e a n s  m o r a l e ,  and  

t h i s  m e a n s  s c i e n c e  a n d  t e c h n o l o g i c a l  k n o w - h o w .  You pu t  t h e m  t o g e t h e r  

a n d  bake  a c a k e  and  t h a t ' s  y o u r  s e c u r i t y .  

( C h a r t  15) T h e r e ' s  y o u r  g r o s s  n a t i o n a l  p r o d u c t ,  w h i c h  in  a s e n s e  
w e ' v e  b e e n  

i s  wha t  ~eAzx t a l k i n g  abou t .  H e r e  you  w i l l  s e e  t h a t  f o r  the  U n i t e d  S t a t e s ,  

W e s t e r n  E u r o p e ,  and  C a n a d a ,  w h i c h  we wi l l  c a l l  o u r  t e a m .  I t  l o o k s  

p r e t t y  good.  H e r e ' s  USSR.  T h e i r  t e a m  looks  k ind  of s k i n n y .  On the  

o t h e r  hand,  the  p e r c e n t a g e  of t h i s  (USSR),  t h e s e  f a c t o r s ,  w h i c h  a r e  

u s e d  b y  USSR fo r  wha t  we c a l l  s e c u r i t y  r e a s o n s ,  i s  m u c h  h i g h e r  t h a n  o u r s .  

And  so  we c a n ' t  u s e  t h i s  c o m p a r i s o n  too  s p e c i f i c a l l y  o r  too d i r e c t l y .  

You s e e ,  t h e r e ' s  an  e r r o r  in  t h e s e  f i g u r e s  h e r e ,  w h i c h  you  can  r a p i d l y  

f i g u r e  ou t  fo r  y o u r s e l v e s .  N e v e r t h e l e s s ,  we have  a p r e p o n d e r a n c e  of 

s t r e n g t h  in  t e r m s  of g r o s s  n a t i o n a l  p r o d u c t  s t i l l .  

Now, of c o u r s e ,  i t ' s  i n t e r e s t i n g  fo r  you  to a s s u m e  t h a t  t he  R u s s i a n s  

cou ld  o v e r r u n  t h e s e  NATO c o u n t r i e s  a n d  k n o c k  t h i s  out  a n d  t hen  h a r n e s s  

t h i s  down into/~bua~their  t e a m  in  s o m e  p e r c e n t a g e  t h e r e o f ,  and  you w i l l  

s e e  how q u i c k l y  t h a t  would  c h a n g e .  But  you  s t u d y  t h e s e  t h i n g s  a n y w a y .  

( C h a r t  16) Now, t h i s  i s  an  i n t e r e s t i n g c  c u r v e  to m e .  I t ' s  the 

H e r e  i s  



Here's your population growth in the U.S. But this is the gross nat- 

ional product growth. This is the busy little engineer at work up here. 

This is supposed to be constant dollars. I never met one, but I guess 

for statistical reasons we can use them. 

What you see is that this period of great growth corresponds 

very accurately with the period of research. You saw the growth of 

research on my first curve. That's like saying that the products of 

research, harnessed by engineering and energy, produce this enhanced 

state of the economy. 

(Chart 17) This chart was furnished by the Ohio State University 

at a logistics conference which I attended, at which this college was well 

represented. And here you will see another interesting thing--that 
total 

the total number of engineers per thousand of/population curve in the 

United States--this is total now--checks up with the gross national 

product. This is merely another exhibit to indicate to you that there 

is some basis for believing that the amount of engineering talent that 

you have, provided it is all fully employed, will determine your gross 

national product. 

Now, here is another example of the difficulties that social scien- 

tists have even in dealing with themselves. As far as we're concerned, 

there isn't anything any better. So we just take it. Engineers are used 

to this. If you haven't got a material that has 300, 000 pounds per square 

inch ultimate strength, you take one with 200, 000 and do the best you can. 

So that's what I am doing with these statistics. This is kind of ordinary 
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e n g i n e e r i n g .  

( C h a r t  18) Now, t h e r e ' s  y o u r  e l e c t r i c  p o w e r  a v a i l a b l e ,  w h i c h  in  

m y  op in ion  i s  s y n o n y m o u s  w i th  g r o s s  n a t i o n a l  p r o d u c t .  You w i l l  f ind  

t h e s e  s a m e  r a t i o s .  So you w a t c h  now c a r e f u l l y  the  g r o w t h  of p o w e r  

r e s o u r c e s  in  R u s s i a  and  C h i n a  i f  you  w a n t  to c a t c h  up w i th  wha t  I t h i n k  

i s  t h e i r  r e a l  c a p a c i t y  to m a k e  and  s u s t a i n  a w a r .  

( C h a r t  19) T h i s  i s  a d r a m a t i c  w a y  of s a y i n g  to you t h a t  the  U n i t e d  

S t a t e s ,  w i t h  o n e - s i x t e e n t h - - t h a t ' s  6 p e r c e n t  r o u g h l y - -  of the  w o r l d ' s  

popu l a t i on ,  p r o d u c e s  o n e - t h i r d  of the  p o w e r .  I t ' s  a n o t h e r  w a y  of s a y i n g  

t h a t  i t  p r o d u c e s  o n e - t h i r d  of the  w a r - m a k i n g  p o t e n t i a l  o r  the  t o t a l  

s t a n d a r d  of l i v i n g  of the  na t ion ,  not  of a n  i n d i v i d u a l ,  o r  the  g r o s s  n a t -  

i o n a l  p r o d u c t .  I know t h a t  t h e r e  a r e  l i t t l e  e r r o r s  in t h e s e  g e n e r a l i z a -  

t i o n s ,  but  t h e y  fo l low;  and  I have  s h o w n  i t  by  t r e n d s .  So t ha t  i t  i s n ' t  

m e r e  op in ion .  The  e x h i b i t s  r e f l e c t  the  f a c t  t h a t  t h e s e  r e l a t i o n s h i p s  

e x i s t .  Tha t ,  of  c o u r s e ,  i s  f a n t a s t i c ;  and  t h i s  i s  wha t  R u s s i a  i s  s h o o t i n g  

a t .  T h e y  a r e  t r y i n g  to  b r i n g  t h e i r  p i c t u r e  up m o r e  in  c o n s o n a n c e  w i t h  

t h i s  one .  

( C h a r t  20) T h i s  i s  wha t  h e ' s  doing .  

the U . S .  and  the  U o S o S . R .  

T h i s  i s  a c o m p a r i s o n  b e t w e e n  

The  U . S . S . R .  i s  the  b l a c k  f i g u r e  a n d  the  

h a t c h e d  o n e s  a r e  o u r s .  

m o d e s t  i n c r e a s e  fo r  u s .  

y o u r  e n e m i e s .  

T h i s  i s  the  y e a r  1965. As  you  s e e ,  i t t s  a v e r y  

But  p e r c e n t a g e w i s e  i t t s  a b ig  i n c r e a s e  fo r  

A n d  s o  you  n o t i c e  t ha t  t h e s e  f i g u r e s ,  w h i c h  a r e  c o m i n g  out,  w h i c h  

a r e  s o  m i s u n d e r s t o o d  by  t h o s e  who r e a d  too r a p i d l y ,  do show a h i g h e r  
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p e r c e n t a g e  p e r  y e a r  i m p r o v e m e n t  in  R u s s i a  than  o u r s ,  but  f r o m  a 

d i f f e r e n t  b a s e .  And,  of c o u r s e ,  one  t h e o r y  of s o c i a l  s c i e n c e  s a y s :  

" W e l l ,  s u r e .  Th i s  i s  i n h e r e n t .  The  c h i l d  g r o w s  f a s t e r  t han  the  a d o l e s -  

cen t ,  and  an  a d o l e s c e n t  g r o w s  f a s t e r  than  a m a t u r e  p e r s o n ,  and  we a r e  

a m a t u r e  e c o n o m y ,  and  t h e y  a r e  an  a d o l e s c e n t  e c o n o m y ;  so  n a t u r a l l y  
of  g r o w t h  

t h e i r  p e r c e n t a g e / i s  go ing  to  be  f a s t e r .  But  t h e y  a r e  go ing  f r o m  a l o w e r  

b a s e  l e v e l . "  T h i s  wou ld  t e n d  to i n d i c a t e  tha t .  

Wel l ,  now, t h i s  i s  K h r u s h c h e v ' s  own c u r v e .  

the  w o r l d .  

a r e  t oday .  

T h a t ' s  w h a t  he  t e l l s  

T h a t ' s  w h a t  h i s  p l a n  i s  to do by 1965. But t h i s  i s  w h e r e  we 

You s e e ,  we had  a downput .  And  when  th i s  t h ing  o c c u r r e d ,  

w h i c h  was  the  r e c e s s i o n ,  the  R u s s i a n  A m b a s s a d o r  d e l i v e r e d  a s p e e c h  

b e f o r e  the  N a t i o n a l  F e o n o m i c s  Club in  New Y o r k  in  w h i c h  he j u s t  t o r e  

ou r  e c o n o m y  to p i e c e s .  He u s e d  t h i s  f i g u r e  h e r e  and  tha t  one ,  and  
"You 

he showed how--~ see, with our system, w£ don't have these recessions 

and set-backs. We're going right ahead. You're going back. You're 

a decadent economy. We are a progressive economy." And so he drew 

some lovely conclusions by the rule of the definition of a statistician 

given to you earlier, and showed that these two are going to cross up 

here, you see. 

All right. Now, this is the minimal basis and that's the maximal 

basis projected for the next ten years of the growth in the U.S. This is 

zero. So you see, the USSR still has to do some pretty fast growing 

to make good on what Mr. Khrushchev said when he said he'd bury us. 

Now, you see, I seem to be giving you hope now, after having 
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in  the  e a r l i e r  c h a r t s .  
p l u n g e d  you in to  de spa i rL  And,  of c o u r s e j  I hope y o u ' l l  c o m e  to the  

c o n c l u s i o n  t ha t  l i fe  i s n ' t  s i m p l e  a n d  t h a t  t h e s e  a r e  a l l  t h i n g s  t h a t  you 

s h o u l d  s tudy ,  we igh ,  and  k n o w - - c o r r e c t  the  bad  o n e s  and  n u r t u r e  the  

good o n e s .  

( C h a r t  21) Now, t h e s e  a r e  s i x  s p e c i f i c  g o a l s ,  t a k e n  out  of the  

o v e r a l l  g o a l s .  The  m i d d l e  c u r v e  i s  the  USSR t o d a y  and  u s .  And  you 

n o t i c e  on s t e e l ,  due to o u r  s t e e l  s i t u a t i o n - - w e  have  a s t e e l - m a k i n g  

c a p a b i l i t y  h e r e  of 135 m i l l i o n  tons ,  and  n o t i c e  we on ly  m a d e  8D. He h a s  

a s t e e l - m a k i n g  p o t e n t i a l  of no t  m u c h  o v e r  wha t  he m a k e s ,  but  he r u n s  

i t  a l l  fu l l .  He p r i n t s  r u b l e s .  We o n l y  p r i n t  s o m e  d o l l a r s .  He p r i n t s  

r u b l e s .  A n d  so  he  r u n s  the  s t e e l  i n d u s t r y  fu l l .  O u r s  r e f l e c t s  o n l y  the  

d e m a n d  u n d e r  the  f r e e  e n t e r p r i s e  s y s t e m .  

T h i s  i s  t r u e - - t h i s  c o m p a r i s o n .  When  the  R u s s i a n  A m b a s s a d o r  

m a d e  h i s  s p e e c h ,  i t  w a s  w o r s e .  We w e r e n ' t  r u n n i n g  a t  80 m i l l i o n  t h e n .  
and  i t  d idn t t  look  so  good,  

We w e r e  down to a r o u n d  70 p e r c e n t  of o u r  t h e n  c a p a c i t y / a n d  t h e y  

w e r e  go ing  fu l l  b l a s t .  

Now, t h a t ' s  wha t  he s a y s  he rs  go ing  to  do.  So he now t e l l s  the  

m a k e  
w o r l d ,  you  s e e :  " In  1965 I Im go ing  to  ~ m o r e  s t e e l  t han  the  U . S . "  

F o r  p e a n u t s  he w i l l .  We c a n  m a k e  135 m i l l i o n  tons  now.  

So when  you  r e a d  the  p a p e r s ,  t r y  to  u s e  a l i t t l e  a n a l y s i s  on w h a t  

the  p a p e r s  a r e  t e l l i n g  you .  

H e r e ' s  o i l .  H e ' s  done a f ine  job in  o i l .  

H e r e ' s  w h a t  he c l a i m s  h e ' s  g o i n g  to be do ing .  

the  w o r l d  p r i c e  of o i l  i s  go ing  to t ake  an  awfu l  n o s e  dive° 
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t h e  F r e n c h  new d e v e l o p m e n t  in  S a h a r a ,  a n d  V e n e z u e l a  h a v i n g  m o r e  o i l  

t han  s h e  c a n  r e a l l y  m a r k e t ,  t h e r e ' s  go ing  to be p l e n t y  of o i l .  And the  
a h e a d  of u s  

o ld  t h e o r y  t ha t  we o n l y  had  e i g h t  o r  t en  y e a r s  of o i l ] i s  a d i s c a r d e d  t h e o r y .  

H e r e ' s  e l e c t r i c i t y ,  a n d  t h i s  i s  the  one to w a t c h .  In m y  op in io n  

t h e s e  two ( s t e e l  a n d  e l e c t r i c i t y )  a r e  the  m o s t  s i g n i f i c a n t .  T h e r e  you  

s e e  w h e r e  he  s t a n d s  in  e l e c t r i c i t y  and  w h a t  he c l a i m s  h e ' s  go ing  to do. 

And,  of c o u r s e ,  we don ' t  c l a i m  wha t  w e ' r e  go ing  to  do, but  I c an  t e l l  

you .  The  e l e c t r i c a l  i n d u s t r y  p l a n s  on doub l ing  t h i s  i n  t en  y e a r s .  So 

t ha t  by  1968, o r  t h r e e  y e a r s  p a s t  t h i s ,  o u r  s t o c k  i s  s o m e w h e r e  up t h e r e  

i n  the  c u r t a i n s .  I c a n t t  t e l l  you  w h e r e .  But,  a n y w a y ,  you h a v e  h i m  c a u g h t .  

Now, h e r e ' s  m e a t ,  w h i c h  i s  qu i t e  i n t e r e s t i n g .  Look  w h e r e  t h e y ' r e  
R e m e m b e r ,  

l i v i n g  now.  1 / T h e y  have  225 m i l l i o n  p e o p l e  to ou r  175. So you  a l s o  
dope 

have  to ~ t h e s e  up a l i t t l e  b i t  i f  y o u ' r e  t a l ~ n g  p e r  p e r s o n  now.  

So t h e y  d o n ' t  e a t  too  m u c h  m e a t .  T h i s  i s  wha t  he h o p e s  to g ive  t h e m .  

N ~ ,  h e r e  y o u ' v e  got  b u t t e r .  He c r o w s  o v e r  t h i s .  H e ' s  l i c k e d  u s  
and  b u t t e r  p r o d u c t i o n ,  

on m i l k  p r o d u c t i o n 1  w h i c h  i s  qui te  i n t e r e s t i n g .  And,  a s  you know,  t h e s e  

a r e  s u b s t i t u t e s  fo r  m e a t  in  the  d i e t .  

H e r e  i t  i s  f o r  s h o e s .  

m a n  to ge t  a p a i r  of s h o e s .  

It  u s e d  to t a k e  abou t  a m o n t h ' s  w o r k  fo r  a 

I t h ink  he r s  i m p r o v e d  tha t  s i t u a t i o n  m a t e r i a l l y .  

So, you  s e e ,  t h e r e  a r e  a lot  of t h i n g s  fo r  h i m  to c r o w  abou t  to 

h i s  own p e o p l e .  

( C h a r t  22) T h i s  i s  t ha t  doub l ing  e v e r y  t en  y e a r s  t ha t  I to ld  you  

abou t .  I t  i s  an  f a n t a s t i c  th ing ,  g e n t l e m e n ,  bu t  s i n c e  1903, w h e n  t h e s e  

f i g u r e s  s t a r t e d ,  we have  doub led  e v e r y  t e n  y e a r s .  And  t h a t  m e a n s  
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two to the  f i f th  p o w e r ,  w h i c h  m e a n s  we have  i n c r e a s e d  o u r  e l e c t r i c  

c a p a b i l i t y  3200 p e r c e n t  i n  50 y e a r s ,  o r  32 t i m e s .  

Now, of c o u r s e ,  i f  in  the  n e x t  t en  y e a r s  we double  i t  aga in ,  

i t  w i l l  be 64 t i m e s .  And  then ,  i f  we do i t  a g a i n  in  the n e x t  ten  y e a r s ,  

i t  w i l l  be 128 t i m e s .  T h e s e  t h i n g s  ge t  f a n t a s t i c .  But  the  s t r a n g e  p a r t  

of the  t h i n g  i s  t h a t  we have  r u n  on t h i s  e x p o n e n t i a l  e q u a t i o n  e v e r  s i n c e  

the  1900 p e r i o d .  And  t h i s  i s  the  p r o j e c t i o n  of o u r  own E l e c t r i c a l  
i 

I n s t i t u t e  m e m b e r s .  

( C h a r t  2 3) H e r e  i s  s o m e t h i n g  v e r y  s i g n i f i c a n t .  T h i s  i s  the  p o u n d s  

of  c o a l  pe r k i l o w a t t  h o u r .  And,  of c o u r s e ,  t h i s  i s  v e r y  v i t a l  to  you,  

b e c a u s e  the  w o r l d ' s  and  our  own s u p p l y  of m i n e r a l s  i s  no t  an  e a s i l y  d e f i n -  

ab l e  th ing ,  b e c a u s e  the  r a t e  of c o n s u m p t i o n  i s  not  c o n s t a n t .  You s e e ,  

w e ! ~  down to r e a l l y  t w o - t h i r d s  of a pound  of c o a l  on the  l a t e s t  p ]~rmed 

s t a t i o n s  h e r e .  

Now, i f  you go b a c k  to T h o m a s  E d i s o n ,  w h i c h  i s  1882, i t  took  h i m  

19 pounds  of c o a l  to m a k e  a k i l o w a t t .  Now I ' m  off  the  s u b j e c t ,  bu t  o n l y  

fo r  one s e c o n d .  When  you  r e a d  t h i s ,  to m y  m i n d ,  h o g w a s h  abou t  a t o m i c  

p o w e r  not  b e i n g  c o m p e t i t i v e ,  p l e a s ~  r e m e m b e r  t h a t  the  f i r s t  g e n e r a t i o n  

of a t o m i c  p o w e r  p l a n t s  w i l l  have  t h e i r  e c o n o m y  i m p r o v e d  v e r y  m u c h  a s  

you  s e e  in  t h i s  c u r v e  i f  you  e x t e n d e d  i t  b a c k  to 1882, b y  an  e n o r m o u s  

a m o u n t  on e a c h  s u c c e s s i v e  g e n e r a t i o n  of d e s i g n .  Y o u ' l l  n e v e r  i m p r o v e  
/ 

t h e m  i f  you  d o n ' t  s t a r t  b u i l d i n g  t h e m ,  b e c a u s e  the e n g i n e e r  l e a r n s  b y  

do ing .  

And  t h i s  i s  w h a t ' s  w r o n g  w i t h  y o u r  AN~P p r o g r a m .  Y o u ' v e  got a 
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lot  of people  f i sh ing  in that  pool  who don ' t  u n d e r s t a n d  these  th ings  w e ' r e  

d i s c u s s i n g .  And if  you wi l l  r e a d  the h i s t o r y  publLShed by the Jo in t  

C o m m i t t e e  unde r  the f i r s t  open hea r i ngs ,  you wi l l  r e a d  the bes t  ca se  

for  fudd lement  and be fudd lemen t  in the G o v e r n m e n t  tha t  I know of tha t  

has  been  pub l i shed  for  the public  to s e e .  I t ' s  s o m e t h i n g  tha t  you a l l  

ought to p ick  up and s tudy.  

Now, the i n t e r e s t i n g  thing is  tha t  s c i e n t i s t s  have been  m a k i n g  

e n g i n e e r i n g  d e c i s i o n s .  I l i ved  tha t  p r o c e s s  for  f ive y e a r s ,  so of c o u r s e  

I ' m  a p a r t i s a n .  But I had to f ight  Dr .  Q p p e n h e i m e r  and Dr .  Conant ,  

who were  m a k i n g  e n g i n e e r i n g  dec i s i ons  and did not  u n d e r s t a n d  e n g i n e e r i n g .  

And what  they  don ' t  u n d e r s t a n d  i s  tha t  the e n g i n e e r  l e a r n s  by doing; 

and that  the f i r s t  AN~P a i r p l a n e  ought 'n t  to be a s e r v i c e  a i r p l a n e  by the 

l a t e s t  p e r f o r m a n c e .  I t ' s  got t o o  m a n y  u n t r i e d  th ings  in i t .  It ought to 

be s o m e t h i n g  tha t  f l i e s .  You ought to put your  A i r  F o r c e  o f f i c e r s  in i t  

and f ly  i t .  You o ttght to f ind out where  i t s  m a i n t e n a n c e  p r o b l e m s  a r e ,  

what  your  landing p r o b l e m s  a re ,  what  your  h a z a r d s  a r e .  ~ n d  i t q [  be 

a wonder fu l  m a c h i n e  at  that ,  b ecause  i t  c e r t a i n l y  could  p a t r o l  the s ea  

for  the Navy and watch  the s u b m a r i n e s  as  long as  the s andwiches  and 

coffee hold out for  the c r e w .  And you h a v e n ' t  got any th ing  l ike tha t .  

I t ' s  the Naut i lus  of the a i r .  

~ T w h a t  do we do?  Wetve got a lot  of s c i e n t i s t s  invo lved  and 

they  say:  "Look ,  th i s  f i r s t  t u r k e y  y o u ' r e  going to f ly  only  has t r a n s -  

sonic  or  subson ic  speed,  and t h a t ' s  out of d a t e . "  Well .  th i s  cu rve  

i s  to show you s o m e t h i n g  about  e n g i n e e r i n g .  The e n g i n e e r i n g  cu rve  
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of  i m p r o v e m e n t  i s  one of t h e s e  e x p o n e n t i a l  c u r v e s ,  w h e r e  the  f i r s t  

a t t e m p t s  a r e  g r e a t l y  i m p r o v e d  by  the  s e c o n d  a t t e m p t s  and  t h e n  g r e a t l y  

by  the  t h i r d ,  but  in  a l e s s e r  d e g r e e ,  and  to a l e s s e r  d e g r e e  in  the  f o u r t h  

and  f i f th  and  s ix th ;  and  you can  s e e  in  t h i s  c u r v e  you c o m e  down a s w e e p -  

ing  pa th .  

Now, s u r e ,  when  I s a y  tha t  the  l a t e s t  p l an  fo r  p o w e r  g e n e r a t i o n  

i s  t w o - t h i r d s  of  a pound  i n s t e a d  of t h r e e - q u a r t e r s ,  i t  d o e s n ' t  s o u n d  l ike  

m u c h .  But  t r y  tha t  p e r c e n t a g e w i s e  on y o u r  s l i d e  r u l e .  I t ' s  a t e r r i f i c  

i m p r o v e m e n t .  And  so  i t  i s  s t i l l  go ing  on.  

Th i s  i s  wha t  you wi l l  f ind  in  AN~p. T h i s  i s  wha t  you wi l l  f i n d - -  

and  R i c k o v e r  v e r y  c a r e f u l l y  b r o u g h t  t h i s  out  in  the  h e a r i n g s  on h i s  s u b -  

m a r i n e  p o w e r  p l a n t - - w h e n  he s a i d  the  N a u t i l u s  r a n  60, 000 m i l e s  on i t s  

f i r s t  c o u r s e .  On i t s  s e c o n d  c o u r s e  i t  r a n  90, 000 m i l e s - - 5 0  p e r c e n t  

m o r e .  The  t h i r d  c o u r s e  we now have  d e s i g n e d  and  on the  b o a r d  w h e r e  

i t  w i l l  r u n  135, 000 m i l e s .  

Th i s  i s  w h a t  I a m  t a l k i n g  to you about .  If  you w a i t e d  fo r  135, 000 

m i l e s  c a p a c i t y  on i t s  e n d u r a n c e  c o u r s e ,  you wou ld  n e v e r  have  b u i l t  

the N a u t i l u s .  You wou ld  be l ike  the  A N P  p r o g r a m - - w a i t i n g  fo r  s o m e -  

t h i n g  tha t  j u s t  w o u l d n ' t  h appen .  You got  t h e r e  by do ing  i t .  Tha t  i s  

wha t  you n e e d  in  y o u r  A N P  p r o g r a m .  

Tha t  i s  t r u e  in  any  e n g i n e e r i n g  p r o g r a m .  I tm  u s i n g  tha t  b e c a u s e  
knew m o s t  of  tha t .  

I l l ~ x ~ a a ~ ~ .  I k n e w  why i t  was  b l o c k e d .  I k n e w  who b l o c k e d  

i t .  And  le t  m e  pay  a t e s t i m o n i a l  to ou r  C o n g r e s s m e n .  

one body  of m e n  who n e v e r  took  t h e i r  eye  off the  ba l l .  
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e x a m p l e - - t h o s e  a r e  the p e o p l e  who b l o c k e d  u s .  

study, 

merit, 

I t ' s  a v e r y  i n t e r e s t i n g  

g e n t l e m e n ,  fo r  any  of you who a r e  in  m i l i t a r y  p l a n n i n g  p r o c u r e -  

to s e e  how a d e m o c r a c y  can  fuddle  i t s e l f  up on wha t  a r e  s t r i c t l y  

s u b j e c t s  fo r  t o d a y ' s  t a l k - - t h e  r o l e  of s c i e n c e  and  e n g i n e e r i n g  and  

t e c h n o l o g y  in  n a t i o n a l  d e f e n s e .  I t ' s  a w o n d e r f u l  e x a m p l e .  H e r e  I put  

on t h i s  j u s t  to show you t h i s  e n g i n e e r i n g  p r i n c i p l e ,  w h i c h  has  now b e e n  

go ing  on now s i n c e  1882. 

( C h a r t  24) H e r e  i s  the  U.  S. G o v e r n m e n t ' s  i n v e s t m e n t  in  the  

a t o m i c  e n e r g y  p r o g r a m .  T h i s  f o l l ows  P a r k i n s o n ' s  Law.  A s  you wi l l  

s e e  h e r e ,  i t ' s  a r o u n d  two and  a q u a r t e r  b i l l i o n  d o l l a r s  now as  an a n n u a l  

a p p r o p r i a t i o n  fo r  t h i s .  T h e r e ' s  a g r a v e  s t u d y  b e i n g  m a d e  on, What  

s h o u l d  t h e s e  b ig  l a b o r a t o r i e s  tha t  t h e y  a r e  b u i l d i n g  be fo r  ? I t ' s  a n i c e  

t i m e ,  a f t e r  w e ' v e  s p e n t  i t ,  to f ind  out  wha t  t h e y ' r e  fo r .  I t ' s  a s e r i o u s  

inquiry. 

A r e  we r e a l l y  s o c i a l i z i n g  a t o m i c  p o w e r ?  I ' m  not  a n s w e r i n g  the  

q u e s t i o n .  I ' m  t h r o w i n g  i t  to you, b e c a u s e  h e r e ' s  a c a s e  w h e r e  s e c r e c y  

h a s  so  l o c k e d  in  the  p r o g r a m  tha t  i t  d o e s n ' t  w o r k .  It d o e s n ' t  go f o r w a r d  

in  a d e m o c r a t i c  a t m o s p h e r e .  You c a n ' t  ho ld  h e a r i n g s  on a lot  of the  

t h i n g s .  

I t ' s  an i n t e r e s t i n g  t h ing  to s t udy .  As  f a r  a s  I ' m  c o n c e r n e d ,  

the  be s t ,  the  v e r y  bes t ,  i n v e s t m e n t  tha t  t h i s  c o u n t r y  has  e v e r  m a d e  was  

the  two and  a q u a r t e r  b i l l i o n  d o l l a r s  tha t  i t  p a i d  fo r  the  f i r s t  a t o m i c  b o m b .  

I know m y  t i m e  i s  g e t t i n g  l a t e ,  G e n e r a l .  I can  wind  t h i s  up and  

no t  f i n i s h  t h i s .  What  i s  y o u r  p l e a s u r e ,  s i r ?  
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G E N E R A L  HOUSEMAN: L e t ' s  go on. 

MR.  WARD: You a s k e d  for  i t .  What  I want  to t e l l  you about  

t h i s  th ing i s  s o m e t h i n g  sub t l e .  

waapons  s t a r t ,  who s t a r t e d  i t ,  

shou ld  you know about  i t ?  

It s t a r t e d  in 1890. 

e l e c t r o m a g n e t i c  waves .  

When did t h i s  new s c i e n c e  of speciQl  

and how did i t  ge t  w h e r e  i t  i s ,  and what  

A .German, Dr .  Hess ,  p r o v e d  the e x i s t e n c e  of 

No m i l i t a r y  m a n  gave i t  the back of his  hand, 

I am s u r e .  N e i t h e r  did the publ ic .  They  d idn ' t  know tha t  when he did 

that ,  t hey  would r e v i s e  m i l i t a r y  c o m m u n i c a t i o n s  and tha t  t hey  would 

s o m e  day f u r n i s h  the g r e a t e s t  power  tha t  the wor ld  had e v e r  c o n t e m p l a t e d - -  

the th ing  tha t  made  the sun o p e r a t e .  

F ive  y e a r s  a f t e r  tha t  Dr .  Roentgen  came  a long  and iden t i f i ed  
h a r d  

X - r a y s ,  which  a r e  noth ing  but  ~ ~  e l e c t r o m a g n e t i c  w a v e s .  The 

y e a r  fo l lowing tha t ,  Dr .  B e c q u e r e l ,  a F r e n c h m a n - - p l e a s e  no t ice  tha t  

t he se  a r e  not  A m e r i c a n s - - d i s c o v e r e d  and p roved  r a d i o a c t i v i t y - - a  s t i l l  

h a r d e r  fo rm of r a d i a t i o n .  The nex t  y e a r  Dr .  Compton,  an E n g l i s h m a n ,  

p r o v e d  the e x i s t e n c e  of the e l e c t r o n .  The next  y e a r  a Po le ,  M a d a m e  
a t o m i c  

Cur i e ,  i s o l a t e d  r a d i u m  and d e t e r m i n e d  the laws  o f / r ad i a t i on .  T h r e e  

y e a r s ~  a f t e r  tha t ,  a G e r m a n ,  Max P lanck ,  b rough t  out P l a n c k ' s  

Cons tan t ,  wh ich  i s  as  g r e a t  in  i t s  f ie ld  as  the E i n s t e i n  t h e o r y  excep t  

that  i t  i s  not as  e a s i l y  u n d e r s t o o d °  It  i s  the b a s i s  of the E i n s t e i n  T h e o r y .  

T h e r e  would be no m o d e r n  s c i e n c e  without  th i s  p u r e l y  i n t e l l e c t u a l ,  

m a t h e m a t i c a l ,  

In 1905, 

p h y s i c a l  d i s c o v e r y  of Max P l a n c k .  

f ive y e a r s  l a t e r ,  E i n s t e i n  p roduced  his  s p e c i a l  t h e o r y  
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of r e l a t i v i t y ,  p rov ing  tha t  E equa l s  MC s q u a r e d - - n o t ,  p rov ing  i t ,  but 

s t a t i n g  i t .  Nobody b e l i e v e d  i t .  Only  e ight  p h y s i c i s t s ,  I am told, even  

would go a long wi th  i t .  But, gen t l emen ,  t h a t ' s  the b a s i s  of your  s p e c -  

i a l  weapons  s y s t e m s - - r i g h t  t h e r e .  

Now you see  the s t e p s  in  i t s  l abor  p a i n s .  And not a m i l i t a r y  m a n  

was  even  consc ious ,  no r  was  the publ ic ,  nor  was  the bulk of the s c i e n -  

t i s t s ,  and c e r t a i n l y  no e n g i n e e r s .  T h e y  d idn ' t  even u n d e r s t a n d  i t .  It 

took h im un t i l  1919 to p rove  that~it  was  so .  By then he had his  g e n e r a l  

t h e o r y  of r e l a t i v i t y .  

Now, in  be tween,  L o r d  Ru the r fo rd ,  'a New Z e a l a n d  E n g l i s h m a n ,  

p r o v e d  the nuc l eus  of an a tom and the a n a t o m y  of an a tom,  which  Nie l s  

Bohr ,  the Dane,  got the Nobel  P r i z e  f i na l l y  for  r e d u c i n g  to c a r e f u l l y  

m e a s u r e d  p a r a m e t e r s .  Tha t  was  1919. Then  t h e r e  was  a g r e a t  p e r i o d  

in  which  L o r d  Aston,  an E n g l i s h m a n ,  p roduced  i s o t o p e s .  The p o s i t r o n  

was  d i s c o v e r e d  by  A n d e r s o n .  We bui l t  the c y c l o t r o n  in 1932. 

Then we had a m a c h i n e  for  t e s t i n g  t h e s e  p r i n c i p l e s .  Up to then 

t h i s  had been l a r g e l y  t h e o r e t i c a l  r e s e a r c h .  Now, a l l  of a sudden  we 

bui ld  t h i s - - t h e  A m e r i c a n s .  T h e y ' r e  the d o e r s .  T h e y ' r e  the h a r d w a r e  

boys .  We c a m e  th rough  and got the Nobel  P r i z e  for  bu i ld ing  tha t  
at 

c y c l o t r o n  ~x C a l i f o r n i a .  And when tha t  was  done, then the a r t  began  

to develop e x p e r i m e n t a l l y .  Up to th i s  point  i t  was  l a r g e l y  in  the hands  

of the t h e o r e t i c i a n s .  Th i s  i s  how y o u r  s p e c i a l  weapons  were  born ,  and 

s t i l l  no m i l i t a r y  connota t ion  at  a l l .  

Then,  a f t e r  tha t  p e r i o d - - a n d  I ' m  sk ipp ing  ove r  a n u m b e r - - w e  come 
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to the E n r i c o  F e r m i  p e r i o d  of the change  of e l e m e n 4 ~ .  H e r e ' s  w h e r e  

he p r o v e d  t ha t  we could bui ld  new e l e m e n t s  in  the pe r i od i c  table ,  and 

he deve loped  th i s  pa t en t  fo r  the c o n t r o l  of the e n e r g i e s  of n e u t r o n s ,  
whole 

which f o r m e d  the b a s i s  for  y o u r / w e a p o n s  deve lopmen t  in  the S t a f f  F i e l d  

r e a c t o r .  An I t a l i an .  

Now we come to the g r e a t  r" ~ : =~__~2__~_~ a c c i d e n t  in  G e r m a n y ,  

when Dr .  Hahn and Dr .  S t r a s s m a n n ,  fool ing a r o u n d  wi th  the C a l i f o r n i a  

cyclo t rons  had an acc iden t  and couldnt t  i n t e r p r e t  i t .  L i s e  M e i t n e r ,  

a J e w i s h  g i r l ,  was  e x p e l l e d  f r o m  G e r m a n y ,  but she  w i t n e s s e d  it;  

want  to Sweden,  went  to N ie l s  Bohr .  They  i n t e r p r e t e d  i t .  And you r  

M a n h a t t a n  D i s t r i c t  was b o r n .  

How m a n y  of you know tha t  h i s t o r y ?  ~ ow m a n y  of you r e a l i z e  

how your  g r e a t e s t  weapon s y s t e m  c a m e  in to  being,  and what  the  r e l a t i o n -  

sh ip  of s c i e n c e  and t echno logy  i s  to how i t  c a m e  in to  b e i n g ?  Not ice ,  

t h i s  i s  s c i e n c e .  E n g i n e e r i n g  hadnt t  e n t e r e d  into  i t .  

E n r i c o  F e r m i  bui l t  tha t  f i r s t  power  g e n e r a t o r  unde r  the Stagg 
and 

s t and  in Chicago~two y e a r s  a f t e r  Hahn and S t r a s s m a n n  had t h e i r  happy 

acc iden t .  .~nd then  the f ight  was  on. And in the e x t r a o r d i n a r i l y  s h o r t  

p e r i o d  of t h r e e  y e a r s  we had r e d u c e d  i t  to a weapon s y s t e m ,  the g r e a t -  

e s t  weapon s y s t e m  in a l l  h i s t o r y .  

What  an e x a m p l e  to s tudy!  What  a th ing  to look a t  to see  w h e r e  

na t i ona l  s e c u r i t y  o r i g i n a t e s  and how, b e c a u s e  H i t l e r  had s a i d  th i s  was  

going to be h is  s e c r e t  weapon to r u l e  the wor ld ;  and when ~B~Jlal~ Alsop  

went  o v e r  to G e r m a n y  wi th  the f r o n t - l i n e  t r o o p s  and e x a m i n e d  what  
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H i t l e r ' s  p e o p l e  had  done,  he found  t h a t  he  had  bu i l t  a r e a c t o r  w h i c h  

was  g o i n g  to be  a dud, and  the  s c i e n t i s t s  to ld  us  the  r e a s o n  was  tha t  

the  p o l i t i c i a n s  w e r e  m i x i n g  in  on i t .  T h i s  i s  wha t  t h e y  a r e  do ing  to  

A N P .  So t h e r e ' s  a l e s s o n .  You can  f ind  i t  a b r o a d .  Y0~ can  f ind  i t  h e r e .  

T h i s  i s  wha t  x/ou ough t  to know about  the  s c i e n c e - t e c h n o l o g y  t e a m ,  

in  m y  op in ion ,  b e c a u s e  you a r e  boys  tha t  have  to t ake  t h e s e  t h i n g s  and  

put t h e m  to w o r k  to p r e s e r v e  th i s  s e c u r i t y .  But  m u s t  know how t h e y  

c o m e  in to  b e i n g .  

( C h a r t  25) I put  tha t  c h a r t  on to g ive  you a s y m b o l .  R u s s i a  ha s  
? 

h e r  s y m b o l s ,  l i ke  we do.  T h i s  i s  S o r t a d o v n o ,  n e a r  Moscow,  and  i t  

i s  t he  l a r g e s t  a t o m  s m a s h e r  in  the  w o r l d ,  s ix  t i m e s  as  l a r g e  as  ou r  

l a r g e s t  now in  e x i s t e n c e .  We wi l l  bu i ld  s o m e  a s  p o w e r f u l ,  but  t h i s  i s  

in  e x i s t e n c e  and  ~as  b e e n  fo r  s o m e  t i m e .  D r .  Wi l son ,  of  C o r n e l l ,  w i th  

w h o m  I have  d i s c u s s e d  t h i s , / w e n t  o v e r  a t  the  i n v i t a t i o n  of the  R u s s i a n s  

and  s aw  it ,  t e l l s  m e  the  f o l l o w i n g :  

T h i s  i n s t r u m e n t  ha s  not  one  p r i n c i p l e  in i t  t ha t  we d o n ' t  know.  

B u t - - a n d  th i s  i s  the  s h o c k e r - - a l l  of t he  e n g i n e e r i n g  w h i c h  m a k e s  t h i s  

i n s t r u m e n t  w o r k - - n ~ a t  a r e  t h e y ?  The  v a c u u m  s y s t e m ,  w h i c h  i s  a 

v e r y  h igh  v a c u u m ,  l a r g e  s c a l e ;  the  e l e c t r o n  and  p r o t o n  gun s y s t e m s ;  

the  e l e c t r o n i c  i m p u l s e  s y s t e m - - m i n d  you,  e l e c t r o n i c s .  I a l w a y s  t hough t  

the  R u s s i a n s  w e r e  b a c k w a r d  in  e l e c t r o n i c s - - a r e  s u p e r i o r  f r o m  an  e n g i n -  

e e r i n g  po in t  of v i e w .  T h i s  i s  a s c i e n t i s t  t a l k i n g - - f r o m  an e n g i n e e r i n g  

po in t  of v i e w  to the  b e s t  tha t  we have  in  the  U n i t e d  S t a t e s .  

G e n t l e m e n ,  the  t h r e a t  of  R u s s i a n  e n g i n e e r i n g  i s  a r e a l  one .  Th i s  
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i s  the  s y m b o l  t ha t  I wan t  to l e a v e  a p i c t u r e  of i n  y o u r  m i n d s ,  b e c a u s e  

in  a c o u n t r y  w h e r e  t h e r e l s  o n l y  a h u n d r e d  s q u a r e  f ee t  p e r  p e r s o n  fo r  

l i v i ng ,  t h e y  bu i l d  t h i s  k i n d  of a "monumen t  to h o u s e  an i n s t r u m e n t  in  

p u r e  t h e o r e t i c a l  and  e x p e r i m e n t a l  p h y s i c s .  T h i s  i s  a s y m b o l  to the  

R u s s i a n  peop l e  and  the  w o r l d  t h a t  the  c h a l l e n g e  i s  on.  

You, you  w i l l  s h o r t l y  be r e l i e v e d ,  and  I would  l ike  to  do s o m e t h i n g  

I d o n ' t  l i ke  t o d o - - r e a d  a s h o r t  s u m m a r y  now of s o m e  of the  i d e a s  I 

have  t r i e d  to t o u c h  on.  E v e n  i f  t h e y  a r e  s o m e w h a t  r e p e t i t i v e  and  I have  

to r e a d  t h e m ,  I hope y o u ' l l  b e a r  w i th  m e .  

S c i e n c e  and  t e c h n o l o l g y  c a n  on ly  f l o u r i s h  rr~ a n a t i o n a l  e n v i r o n m e n t  

of s u p e r i o r  e : ~ c a t i o n a l  f a c i l i t i e s ,  p l u s  the  a v a i l a b i l i t y  of a m p l e  e n e r g y  

r e s o u r c e s .  

I t  r e q u i r e s  t h a t  t h e r e  be a fu l l  u n d e r s t a n d i n g  of the r o l e  of r e s e a r c h  

and  p a r t i c u l a r l y  w h a t  i s  p o p u l a r l y  c a l l e d  f u n d a m e n t a l  r e s e a r c h .  

Note  the  e f f o r t  t h a t  R u s s i a  i s  m a k i n g  in  a l l  of  t h e s e  a r e a s ;  I m e a n  

e d u c a t i o n ,  f u n d a m e n t a l  r e s e a r c h ,  and  s c i e n c e .  

The  i m p a c t  of t e c h n o l o g y  i s  m o r e  obv ious  t h a n  t h a t  of s c i e n c e ,  

p a r t i c u l a r l y  to the  M i l i t a r y  E s t a b l i s h m e n t .  T h a t ' s  w h e r e  you  m e e t  t h e s e  

p e o p l e - - i n  the  h a r d w a r e .  

The  o f f i c e r  c a d r e s  m u s t  be b a s e d  upon a wide  d i f f u s i o n  of t e c h -  

n o l o g i c a l  k n o w - h o w  and  of s p e c i a l i s t s .  I h a p p e n  to be  s i t t i n g  on the  

S e c r e t a r y  of  the  N a v y ' s  b o a r d  fo r  the  e d u c a t i o n  of N a v a l  o f f i c e r s  in  the  

f u t u r e .  The  N a v y  i s  g i v i n g  t h i s  g r e a t  though t ,  a s  I a m  s u r e  the  o t h e r  

s e r v i c e s  a r e  too .  I t  i s n ' t  s i m p l e .  
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This  in t u rn  r e q u i r e s  s u p e r i o r  t r a i n i n g  t echn iques  and f a c i l i t i e s .  

The ques t ion  is  asked ,  What wi l l  be the p r i n c i p a l  r e s p o n s i b i l i t y  

of G o v e r n m e n t  with r e g a r d  to pure  s c i e n c e ?  The a n s w e r ,  my  a n s w e r :  

To a c c o r d  r e c o g n i t i o n  of the ro l e  of s c i ence  in m a j o r  g o v e r n m e n t a l  

a c t i v i t i e s  t h rough  the appo in tmen t  of h i g h - l e v e l  s c i e n t i s t s  c lose  to the 

d e c i s i o n - m a k i n g  p r o c e s s .  Not in  the d e c i s i o n - m a k i n g  p r o c e s s .  This  

i s  what  k i l l ed  ANP, and i t  has  done s o m e  o the r  s e v e r e  damage .  It  

should  be c lose  to the d e c i s i o n - m a k i n g  p r o c e s s .  You ' r e  the g e n t l e m e n  

to m a k e  the d e c i s i o n s .  You've got to use  these  th ings .  

To e n c o u r a g e  bas i c  and fundamen ta l  r e s e a r c h ,  for  which t h e r e  

i s  no a p p r o p r i a t e  r e w a r d  in p r i v a t e  i n d u s t r y ,  and to make  ava i l ab l e  

expens ive  f a c i l i t i e s  for  c e r t a i n  types  of r e s e a r c h  which would be beyond 

the c a p a b i J i t y  of p r i v a t e  i n d u s t r y .  L loyd  B e r l m e r  gave you a v e r y  fine 

ta lk  on that;  so I wi l l  not  r e p e a t .  

To e n c o u r a g e  the t r a i n i n g  and educa t ion  of ~ s c i e n t i s t s  

and e n g i n e e r s  within  and outs ide  the M i l i t a r y  E s t a b l i s h m e n t .  This  i s  

what  the Navy boa rd  is  giving g r e a t  thought  to.  

To r e c o g n i z e  the ro l e  of s c i e n c e  and e n g i n e e r i n g  in our  na t i ona l  

educa t i ona l  po l icy .  What do we m e a n  l~r t h a t ?  T h e r e  has  been  much  

bad publ ic  r e l a t i o n s  with r e s p e c t  to e n g i n e e r i n g  and s c i e n t i f i c  e d u c a t i o n - -  

too many engineers, too many scientists--this kind of thing. This has 

affected the vocational counselors and advisers in the secondary school 

system. 

Lastly, to see that our intelligence is equipped and oriented to 
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follow the development of world science in all languages and cultures. 

I h a v e  s e r v e d  on s e v e r a l  G o v e r n m e n t  b o d i e s  t ha t  have  i n q u i r e d  in to  t h i s ,  

and  on the  w h o l e  we  h a v e n t t  b e e n  too  a l e r t .  When  o u r  s c i e n t i s t s  a n d  

e n g i n e e r s  go to R u s s i a ,  t h e y  quo te  o u r  p a p e r s .  T h e y  a r e  s o m e t i m e s  

m o r e  f a m i l i a r  w i t h  t h e m  t h a n  w e .  But  we c a n t t  quo te  the  R u s s i a n  p a p e r s .  

T h e y  a r e  no t  e v e n  t r a n s l a t e d  e x c e p t  fo r  a v e r y  l i m i t e d  n u m b e r  of  p u b l i -  

c a t i o n s .  

We have tried to define in understandable terms science and tech- 

nology. We have examined the environmental factors in various regions 

of the world necessary for science and technology to flourish. We have 

cited examples of countries of limited size and of resources becoming 

world powers through science and technology and their employment. 

It is all too obvious to point to the many examples in weapons technology 

without which no major world power can claim to exist in security. 

I donlt have to mention that. Where would we be today without special 

weapons in the world jungle ? 

Admiral Arleigh Burkets recent testimony to Congress on the 

Russian ballistic capability and KhrushchevWs stated ability to place 

missile-launching submarines under the icecap in Hudson Bay for a 

precision surprise attack on the United States is a current and fright- 

ening example of a threat and a challenge to our own military posture. 

The obvious example of the employment of science and technology 

and strategy in recent times £s the creation of and employment of large 

nuclear explosives, air-delivered. Automatically this has determined 

48 



the bas i c  s t r a t e g y  of the t h r e e  na t ions  capable  of bui ld ing  and e m p l o y i n g  

such  weapons  today,  and the s t r a t e g i c  r o l e s  of those  o the r  na t ions  

th rough  t r e a t i e s  of a c c e s s  to such  weapons ;  :and, l a s t ly ,  the s t r a t e g y  

of those  o the r  na t ions  which  do not .  

We have shown that  Sputnik a l e r t e d  the A m e r i c a n  people  to R u s s i a n  

s c i en t i f i c  c a p a b i l i t i e s  and opened up space  s c i ence ,  with i t s  cha l l enge  to 
X 

f u -~ re  s e c u r i t y  th rough  new s c i e n c e  and t echno logy .  

Gen t l emen ,  space  s c i e n c e .  I hadn ' t  t ime  to inc lude  tha t  today .  

But i f  the R u s s i a n s  s u c c e e d  in t h e i r  p lans  in space  s c i ence ,  they  wi l l  

have a weapon tha t  wil l  top us .  Al l  of you know what i t  would m e a n  to 

have a i r - s p a c e  ~ w n w , ~ 1 ~  r e c o n n a i s s a n c e  24 hours  a day, and what  

t~ i s  could do for  you in your  m i l i t a r y  p lann ing  a lone .  But i t  goes  f a r  

beyond that .  

The ou t s t and ing  l e s s o n  is  tha t  not  a lone  m u s t  the f a c to r  of 

s c i e n c e  and t echno logy  be r e c o g n i z e d  in i t s  fundamen ta l  r o l e  in d e t e r -  

m i n i n g  s t r a t e g y ,  but tha t  the  compe t i t i on  for  s t i l l  newer  concep t s  i s  

e s s e n t i a l  for  the fu ture  s e c u r i t y  of any  wor ld  power .  You can ' t  s t and  

s t i l l .  You can ' t  s t and  on your  s p e c i a l  weapons  and i gno re  space  t ech-  

nology.  

In the long run,  s c i en t i f i c  and t e c h n i c a l  c apab i l i t y  a l m o s t  a lone ,  

~ ~  where  r e c o g n i z e d  and p r o p e r l y  

employed ,  can d e t e r m i n e  the s e c u r i t y  and thus the l e a d e r s h i p  for  any 

m a j o r  na t ion  in any  future  wor ld  p o l i t i c a l  s t r u g g l e .  

Does an in te l l igen t ,  a l e r t  A m e r i c a n  need  any f u r t h e r  p roo f  of 
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the role that its own science and technology must play in establishing 

national power for its own security into the future ? 

CAPT. FIKE: Mr. Ward is ready for your questions. 

QUESTION: Do you believe that one of the possible solutions 

to our dilemma of not being able to produce enough scientists and 

engineers would be more Federal aid to education--something on the 

same order as the G. I. Bill of Rights ? 

MR. WARD: Yes .  

Now, the me thod  of F e d e r a l  a id  i s  i m p o r t a n t .  L e t ' s  go back to 
the 

s o m e t h i n g  I know a l i t t l e  about,  and t h a t ' s ] N a v y ' s  a p p r o a c h  of the m o m e n t .  

It  has been  s a id  by one d i s t i ngu i shed  a d m i r a l  who came  into the 

Navy and has  r e c e i v e d  a l l  the h ighes t  a w a r d s  s i n c e - - h e  came  in f r o m  

outs ide  l i f e - - a  p r o f e s s i o n a l  e n g i n e e r ~  ~e po in ted  out tha t  wi th  the g rowth  

of complex  weapon s y s t e m s  and the need  for  th is  t echno logy  wi th in  the 

Naval  E s t a b l i s h m e n t ,  c o m p l e m e n t e d  by the big s h o r t a g e  in the c iv i l  

component ,  the coun t ry  was los ing  a g r e a t  r e s o u r c e  i n s o f a r  as  the Navy 

e n l i s t e d  p e r s o n n e l  were  c o n c e r n e d  who were  c o m p e t e n t  to take b a c c a -  
level 

laureate]education, but who for reasons had never done it. Either they 

were not motivated, or they didn't have the money and the resources 
and 

and they  had to go in the Navy as a m e a n s  of m a k i n g  a l iv ing]  ge t t ing  r i d  

of t he i r  m i l i t a r y  e a r l y  s e r v i c e .  

So the Navy s t a r t e d  two p r o g r a m s ,  ca l l ed  NESAP and 

NEAS. They  he ld  compe t i t i ve  e x a m i n a t i o n s  in the e n l i s t e d  p e r s o n n e l  

and  found that ,  s u r e  enough,  they  had people  with t hese  c a p a b i l i t i e s .  
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And t h e y  s t a r t e d  an e x p e r i m e n t a l  p r o g r a m .  

Now, i t  i s n ' t  f a i r  fo r  m e  b e f o r e  t h i s  c o l l e g e  to g ive  you what  

I think the Navy thinks. 

how the service works. 

T a m  on ly  the  c h a i r m a n  of t h i s  th ing .  You know 

But  th i s  m u c h  I can  say :  The  f i r s t  c r o p  of 

these fellows going to schoolsof the top caliber--Purdue, MI.T, and 

the like--that the educators, Dean Westman of Washington University, 

and the others have made a report showing that these enlisted Navy 

personnel have higher marks than their regular enrolees and a far lower 

percentage of those who can't or aren't going to complete. 

to sketch 
Now, I haven't answered your question. All I've done is ~ the 

background. Now I'd like to answer the question. 

Sure. The Chief of the Bureau of Navy Personnel was asked by 

His first this committee to widen the program because of its success. 

answer was, "Where do I get the money2" 

Now, the admiral who introduced the program said: "But look. 

Even though you're saying that your ability to hold these officers within 

the Navy after the educational period and their full enlistment is over, 

and then they go out in civil life, the country is stronger by these men." 

This add~ to our national security--my premise of the day. Therefore 

this is a proper function for the Defense Establishment, not an improper 

function. It isnSt taking over the role of the Department of Education, 

Health, and Welfare. The Navy agreed, but they still said, "Where 

do we get the money?" 

Now, my own feeling is that we are not ready, or shouldn't be 
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r e a d y ,  for  the r e g i m e n t a t i o n  that  i s  beh ind  the Russ i an  a p p r o a c h .  But 

l e s t  you be d rawing  wrong conc lus ions ,  the R u s s i a n s  do not  o r d e r  these  

young m e n  to take e n g i n e e r i n g .  They  of fer  them the  oppor tun i ty .  They 

of fe r  them a l l  of t h e i r  tu i t ion,  a h ighe r  r a t e  of pay,  a g u a r a n t e e d  e m p l o y -  

m e n t  upon g radua t ion  at  s e v e r a l  t i m e s  the f i nanc i a l  r e w a r d  if  t hey  m e r e l y  

take a non-scientific, non-technical course at the university. This is 

the bucket of oats in front of the donkey. It is an incentive system. 

Dr. CoRn Clark came to this college last year at my s t~ggestion 

and gave a lecture on an amazing thing--that the Russians are moving 

toward free enterprise more and more--meaning the use of incentives-- 

as we in the United States move away from it toward socialization. This 

is by an Englishman. He's now in the Econometric Bureau in New York. 

He's rendering great service to our economic profession° in my opinion. 

Now, I answer your question this way-" I do not like to see a regi- 

mented program of any kind. I said, and I used in my talk, public rela- 

l i ons .  Our Government could well afford to bring its considered opinion 
through 

through its Department of Education ~ the educational fraternity in its 

meetings and its colloquia and all of these devices which the Government 

has for bringing Government thinking into the civil components. To 

start with that. And then see if the civil components will not respond. 

I am a perennial optimist. I believe they will respond. I believe 

the trouble lies in an incorrect apprm'sal of the need of this problem for 

a solution. Give the American public the right facts and I think they 

will act. I don't thin~ you have to do it by another big and now impossible 
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i t e m  in  the  budge t .  

Q U E S T I O N :  Y o u  h i t  on s o m e t h i n g  w h i c h  g e n e r a t e s  t h i s  q u e s t i o n  

t h a t  I tm  go ing  to a s k  you .  T h a t  w a s  tha t  the  R u s s i a n s  d id  g u a r a n t e e  

t h e s e  e n g i n e e r s  a job upon g r a d u a t i o n .  M y  q u e s t i o n  i s  t ha t  in an  e c o n o m y  

s u c h  a s  o u r s  i s n ' t  t h e r e  a l aw of s u p p l y  and  d e m a n d  w i t h  r e s p e c t  to the 

u t i l i z a t i o n  of e n g i n e e r s ,  and  would  i t  be  a s o l u t i o n  to  the  p r o b l e m  to go 

a h e a d  a n d  g e n e r a t e  a lot  of e n g i n e e r s  who would  be w o r k i n g  out  of t h e i r  

p r o f e s s i o n ,  so  to s p e a k ?  

M R .  WARD: Tha t ,  of c o u r s e ,  i s  a v e r y  p r o p e r  q u e s t i o n .  I d o n ' t  

know w h e t h e r  you  r e a d  the  New Y o r k  T i m e s .  I don ' t  know w h e t h e r  you 

have  l ooked  in  the  b a c k  p a g e s  of the  Sunday  e d i t i o n  and  s e e n  the  i n n u m -  

e r a b l e  s o l i d  p a g e s  a d v e r t i s i n g  fo r  e n g i n e e r s ,  i n c l u d i n g  f i s h i n g ,  hun t ing ,  

b e a u t i f u l  h o u s e s  on l a k e s ,  i d e a l  c o n d i t i o n s  to ge t  p o s t g r a d u a t e  w o r k  in  

c o n n e c t i o n  w i th  t h e i r  d a i l y  to i l ,  w o n d e r f u l  s p o r t s  f a c i l i t i e s - - s k i i n g ,  

g o l f - - a  U top i a .  Al l  you  have  to do i s  r e a d  t ha t  f o r  the  a n s w e r  to y o u r  

own q u e s t i o n .  T h e r e ' s  no m ~ ~ ~ ~ r ~ ~  o v e r - s u p p l y  

now.  T h e r e  i s  a s h o r t a g e .  

Now, b e c a u s e  we a r e  a n a t i o n  w i t h  f r e e  c o m m u n i c a t i o n s ,  

s e v e r a l  y e a r s  ago  L i fe  M a g a z i n e ,  w i t h  i t s  e n o r m o u s  c i r c u l a t i o n ,  p u b -  

l i s h e d  an  a r t i c l e  on, I b e l i e v e ,  W a y n e  U n i v e r s i t y ,  in  M i c h i g a n ;  and  I 

r e m e m b e r  i t  w e l l .  I t  s a i d  t ha t  o n l y  38 p e r c e n t  of the  s e n i o r  c l a s s  of 

e n g i n e e r s  w e r e  r e c e i v i n g  e m p l o y m e n t ;  t h a t  t h e r e  w a s  an  o v e r - s u p p l y .  
c e r t a i n  

The  p r e l i m i n a r y  of t h a t  a r t i c l e  w a s  s u b m i t t e d  t o / l e a d i n g  e d u c a t o r s ,  

one of  w h o m  w a s  the  dean  a t  C o r n e l i ,  who w a s  t h e n  the  c h a i r m a n  of the  
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A c c r e d i t a t i o n  
Soc i e ty  for  the P r o m o t i o n  of E n g i n e e r i n g  Educa t ion  and ~ r ~ , d ~ m x  

C o m m i t t e e .  He took one look at  i t  and p r o m p t l y  blew up. It was  b a s e d  

upon B u r e a u  of L a b o r  s t a t i s t i c s ,  p lus  s a m p l i n g  Wayne  U n i v e r s i t y .  

Now, gent lemen~ I 'm  not r u n n i n g  down Wayne U n i v e r s i t y .  It  

fu l f i l l s  a f ine need  in  i t s  c o m m u n i t y .  But i t  i s  not a na t i ona l  u n i v e r s i t y .  

It i s  not a l e a d e r  in e n g i n e e r i n g  educa t ion .  The day tha t  t h e y  r e p o r t e d  

38 p e r c e n t  ge t t ing  jobs,  C o r n e l l  had 68 p e r c e n t  tha t  had jobs .  And 

t h a t ' s  a s  high as  you can go~ because  the r e s t  wontt  take  jobs  b e c a u s e  

t h e i r  p a r e n t s  a r e  going to give them a vaca t i on  in Eu rope  be~0 "e they  

go to work .  

T h a t ' s  l ike  th i s  s t a t i s t i c  for  u n e m p l o y m e n t ,  
Don ' t  

g e n t l e m e n .  ~ get  

fooled by i t .  T h e s e  a r e  the fe l lows  who lef t  t h e i r  jobs  b e c a u s e  they  

jus t  p lumb got t i r e d  and wanted  to go to F l o r i d a  or  s o m e w h e r e  e l s e .  

You c a n ' t  h i r e  those  guys .  T h e r e ' s  a h a r d  co re  of u n e m p l o y a b l e s  

m e t  
a l w a y s .  You have{ s o m e  of them,  I ' l l  be t .  

Th i s  i s  m y  a n s w e r ,  t h e n ,  to you r  ques t ion :  Life  Magaz ine  d i d  

not  see  fi t  to hold up tha t  a r t i c l e  and a m e n d  i t .  The dean showed  them 
out 

the e r r o r  in  the Bureau  of L a b o r  S t a t i s t i c s ,  p o i n t e d / t h e  d i f f e r e n c e  in  

e x p e r i e n c e  in s o m e  of the l ead ing  c o l l e g e s  wi th  the e x a m p l e  they  had 

s e l e c t e d ,  and t h e i r  a n s w e r  was :  "Gee ,  whiz .  I t ' s  a l r e a d y  on the p r e s s . "  

So i t  went  out.  

The next  y e a r j  e n g i n e e r i n g  f r e s h m e n  dropped  11 p e r c e n t  in  the 

Uni ted  S ta tes ,  and the Bureau  of L a b o r  S t a t i s t i c s  s c r a p p e d  i t s  s t a t i s t i c a l  

s y s t e m  and a m e n d e d  i t  in a c c o r d a n c e  wi th  what  the p r o f e s s o r  showed 
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to  be the  f ac t .  The  b a r n  w a s  locked ,  but  the  h o r s e  w a s  out .  

T h i s  i s  the  w a y  a f r e e  e c o n o m y  r e s p o n d s .  The  d a m a g e  of t h a t  

a r t i c l e  i s  not  y e t  c o m p l e t e l y  recti~'r ied in  the  o p i n i o n  of m a n y  p e o p l e .  

T h i s  i s  why  I s a i d  in  a n s w e r i n g  the  p r e v i o u s  q u e s t i o n  t h a t  t h e r e  h a s  to 

be a m o r e  a u t h o r i t a t i v e  v o i c e  than  L i fe  M a g a z i n e ,  w h i c h  I r e a d  w i th  

i n t e r e s t ,  to r e a l l y  t e l l  t he  s t o r y .  I t h i n k  the  A m e r i c a n  e c o n o m y  wi l l  

t hen  r e s p o n d .  

T h e r e  w a s  no t  an  o v e r - s u p p l y  of e n g i n e e r s .  And  w i t h i n  one y e a r  

a f t e r  t h a t  a r t i c l e  t h e r e  w a s  a d r a s t i c  s h o r t a g e .  

Now, the w o r s t  of t h i s ,  a n d  m y  f i n a l  c o m m e n t  on the  p r o b l e m ,  i s  

t h a t  i t  i s  l i ke  a w e a p o n  s y s t e m  p i p e l i n e .  Wha t  you do t o d a y  you don l t  

ge t  the  p r o d u c t  of u n t i l  fou r  to f ive  y e a r s  l a t e r .  You a r e  f e e l i n g  now 

wha t  L i fe  M a g a z i n e  d id  t o  you fou r  o r  f ive  y e a r s  ago .  T h e r e ' s  no t  a 

t h ing  you can  do abou t  i t .  You canno t  a c c e l e r a t e  t h i s  p e r i o d  of g e s t a t i o n  

of e n g i n e e r s .  

Q U E S T I O N :  M r .  War~, m y  q u e s t i o n  i s  s o m e w h a t  a l o n g  the  l ine  
f a c e t .  

of C a p t a i n  M a s t e r s o n ' s  but  on a l i t t l e  d i f f e r e n t  ~ l ~ Q  Your  l e c t u r e  

p o i n t e d  out  our  d e f i c i e n c i e s  in  p u r e  a n d  b a s i c  r e s e a r c h ,  a l t h o u g h  one  

of y o u r  v i s u a l  a i d s  did  show an e n c o u r a g i n g  i n c r e a s e  in  b a s i c  r e s e a r c h .  

Can  you  s u g g e s t ,  s i r ,  w h a t  m e a n s  c a n  be t a k e n  to i m p r o v e  the e c o n o m i c  

c l i m a t e ,  t h a t  i s ,  a d e q u a t e  pay ,  s e c u r i t y ,  f r e e d o m  of thought ,  so  t h a t  

m o r e  n a t i v e - b o r n  A m e r i c a n s  m a y  be e n c o u r a g e d  to  u n d e r t a k e  b a s i c  

research? 

M R .  WARD: T h i s  m e a n s  a change  in pub l i c  a t t i t u d e  in  s o m e  w a y s .  
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but ,  m o r e  i m p o r t a n t  than  tha t ,  in  the  a t t i t u d e  of p r o f e s s o r s .  When  a 

c h o i c e  
s t u d e n t  g r a d u a t e s  a s  a b a c c a l a u r e a t e ,  he g o e s  to a p r o f e s s o r  of h i s  

and  s a y s ,  " I  wan t  to m a j o r  in  s u b j e c t  s o - a n d - s o .  I ' d  l ike  to s t u d y  u n d e r  

y o u . "  And  t h a t  p r o f e s s o r  then  a d v i s e s  h i m .  

Now, p r o f e s s o r s  a r e  h u m a n  and  t h e y  r e f l e c t  t h i s  A m e r i c a n  a t t i t u d e  

of pu t t i ng  the  a c c e n t  on peop le  who do t h i n g s  r a t h e r  t han  on peop l e  who 

th ink  t h i n g s .  So I have  to a n s w e r  i t  v e r y  s i m i l a r  to the  g e n t l e m a n  f r o m  

the D e p a r t m e n t  of the  I n t e r i o r .  You have  to c h a n g e  a t t i t u d e s .  

Now, t h i s  i s  a good t i m e  fo r  m e  to t e l l  wha t  to m e  i s  one of the  

m o s t  s t r i k i n g  e x a m p l e s  of t h i s  a t t i t u d e  p r o b l e m  t h a t  you a s k e d  m e  abou t  

t h a t  I know of. 

R u s s i a ~ ,  in  t a k i n g  o v e r  H u n g a r y ,  found t h a t  i t s  P a r l i a m e n t  w a s  

f a l l i n g  in to  low r e p u t e .  A l l  of you k n o w - - I  hope t h e r e  a r e  H u n g a r i a n s  

in  t h i s  a u d i e n c e - - t h a t  t h e y  a r e  a v e r y  i n t e l l i g e n t  peop le ,  w i th  a long  and  

f ine  h i s t o r y  and  f ine  u n i v e r s i t i e s .  T h e y ' r e  not  s e r f s .  A n d  so  when  the  

R u s s i a n  g o v e r n m e n t  found tha t  the  H u n g a r i a n  P a r l i a m e n t  w a s ,  a s  f a r  

a s  the  peop l e  w e r e  c o n c e r n e d ,  in  low r e p u t e ,  i t  s a i d ,  "We  have  to tone  

i tu  u p . "  So t h e y  d e c i d e d  to do so  by  p i c k i n g  a d i s t i n g u i s h e d  m a n  arid 

the  
g e t t i n g  h i m  to go in to  the  P a r l i a m e n t .  The  m a n  t h e y  p i c k e d  w a s  ~, s e n i o r  

p r o f e s s o r  of t h e o r e t i c a l  m a t h e m a t i c s  a t  the  u n i v e r s i t y .  How m a n y  A m e r -  

i c a n s  would  p i ck  a s e n i o r  m a t h e m a t i c s  p r o f e s s o r  to u p g r a d e  C o n g r e s s ?  

Now, l e t ' s  s e e  w h a t  h a p p e n e d .  A f t e r  s e v e r a l  y e a r s  i n  P a r l i a m e n t  

he c a m e  to the  c o n c l u s i o n  t h a t  he was  b e i n g  u s e d  a s  a s t o o g e .  At  the  

r i s k  of h i s  l i fe  and  h i s  f a m i l y ' s  l i fe ,  he e s c a p e d  f r o m  H u n g a r y .  He 
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c o u l d  not  f ind  e m p l o y m e n t .  He was  in  G e r m a n y  at  the  t iane and  d e c i d e d  

tha t  he wou ld  c o m e  to the  l and  of o p p o r t u n i t y ,  and  he c a m e  to the U n i t e d  

S t a t e s .  

He was  e m p l o y e d  by the  U n i v e r s i t y  of I n d i a n a  a t  $6500 a y e a r  in  

t h e i r  a d v a n c e d  m a t h e m a t i c s  d e p a r t m e n t  on the  g r a d u a t e  l e v e l .  

When Dr .  E i n s t e i n  w a s  e n t e r i n g  in to  the  f i na l  y e a r s  of  h i s  l i fe ,  

he w a s  f r a n t i c  to d e v i s e  a s i n g l e  f o r m u l a  tha t  i n c l u d e d  a l l  of  the  known 

p h e n o m e n a  of p h y s i c s .  No one  had  e v e r  i n c o r p o r a t e d  the  M a x w e l l i a n  
the  

L a w s  in to  x g e n e r a l  s t a t e m e n t  of  t he  g e n e r a l  t h e o r y  of r e l a t i v i t y .  E a c h  
the  

time he did this at/Princeton Institute for Advanced Studies, he or some 

other distinguished scientist would find that there was a flaw in his 

formula. He was becoming more frantic as be became older and wanted 

to die with this final accomplishment. 

I think it was in 1953 that he produced the formula. But, gentlemen, 

he couldntt solve it. Nor could anyone else. One day the New York Times 

sent a science correspondent to the University of Indiana, having heard 

that this obscure gentleman from Hungary had solved the Einstein 

unsolvable equation. He had. 

Now, gentlemen, think of a man with a mind able to solve the 

worldts greatest mathematical statement, the author of which co~tdntt 

solve it, at $6500 a year, unknown, on a Mid Western college state 

campus. 

Here you have my illustration. In Hungary he was big enough and 

important enough nationally to upgrade their Parliament. Here he 
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d o w n g r a d e d  the  p r o f e s s o r s .  

I t h ink  y o u ' v e  got  to c o n v e r t  the  A m e r i c a n  p e o p l e .  I d o n ' t  t h ink  

you can  o r d e r  t h e s e  t h i n g s .  I t r i e d  to ge t  s t a r t e d  in  one of ou r  l e a d i n g  

u n i v e r s i t i e s  an a t t a c k  on the  p r o b l e m  of the  n a t u r e  of  f o r c e .  No one  

in  the  w o r l d  ha s  d e f i n e d  a f o r c e .  You d e a l  wi th  i t  in  a l l  of  y o u r  w o r k .  

I t ' s  the  b a s i s  of  c o m b a t  w a r f a r e ,  i t ' s  the  b a s i s  of e n g i n e e r i n g  and  

s c i e n c e ,  and  no one  has  e x p l a i n e d  f o r c e .  

I have  an app le  and  i t  d r o p s .  Newton  s a i d  he c o u l d  f i g u r e  i t ,  but  

he c o u l d n ' t  e x p l a i n  i t .  I t ' l l  d rop  in  a v a c u u m  jus t  a s  w e l l .  What  i s  the  

m e c h a n i s m ?  What  t o u c h e s  the  a p p l e ?  What  a c c e l e r a t e s  the  a p p l e ?  

The  l a w s  of m o m e n t u m  r e q u i r e  tha t  t h e r e  be a f o r c e  tha t  a c c e l e r a t e s  i t ,  

and  tha t  f o r c e  i s  l ike  you when  you t h r o w  i t .  What  i s  tha t  f o r c e  ? No 

one k n o w s .  

Now, h e r e ' s  one  of the  g r e a t e s t  u n s o l v e d  p h e n o m e n a  of the  u n i v e r s e .  

I got  a p r e s i d e n t  of a u n i v e r s i t y ,  who was  a s o c i a l  s c i e n t i s t ,  a l l  s t e a m e d  

- up on t h i s .  He s aw  a g r e a t  c h a l l e n g e .  I d id  i t  on the  s a m e  b a s i s  tha t  

I t a l k e d  to you g e n t l e m e n  abou t  h e r e  t o d a y - - t h a t  t h i s  c o u n t r y  had  no t  

r e c o g n i z e d  the  r o l e  of the  t h e o r e t i c i a n .  He saw the  c h a l l e n g e ;  so  he 

a g r e e d  tha t  he wou ld  back .  i t .  

The  c h a i r m a n  of the  D e p a r t m e n t  of  P h y s i c s  b a c k e d  i t  e n t h u s i a s -  

t i c a l l y .  He sa id :  " I  know of p h e n o m e n a  on f o r c e s  t ha t  h a v e  n e v e r  b e e n  

e v e n  a p p r o a c h i n g  an  e x p l a n a t i o n .  T h e r e  a r e  n a t u r a l  c h e m i c a l s  i n e r t  

w h i c h  can  g ive  b i r t h  j u s t  l ike  a b i o l o g i c a l  m e c h a n i s m .  By wha t  f o r c e  

an 
n o b o d y  k n o w s . "  A n d  he w e n t  i n t o / a r e a  tha t  he  had  b e e n  g i v i n g  though t  
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to .  He sa id :  " I f  we can  on ly  s t a r t  a b a s i c  r e s e a r c h  in  t h i s  f ie ld ,  we 

d o n ' t  know w h e r e  i t  w i l l  l e a d . "  

So the  f i r s t  t h ing  th i s  g e n t l e m a n  d id  was  to look a l l  o v e r  the  w o r l d .  

He found  a m a n  in  A u s t r a l i a  and  a n o t h e r  one  in  L o n d o n  who had  b e e n  
no one 

t r y i n g  to w o r k  on t h i s  t h e o r y ,  and  a ~ h ~ x ~  in  t h i s  c o u n t r y .  He w e n t  

to the  p r e s i d e n t  of  the  u n i v e r s i t y  and  m e  and  he s a id ,  " W e ' v e  got  to 

b r i n g  t h e s e  two m e n  h e r e .  " E v e r y b o d y  sa id ,  " F i n e . "  T h e y  d r e w  up 

a p lan ,  took  s o m e  of f ice  s p a c e ,  s o m e  d e s k s ,  and  a budge t .  

Do y o u  know, we c o u l d n ' t  r a i s e  the  m o n e y  fo r  tha t  budge t  in the  

U n i t e d  S t a t e s .  It d i d n ' t  m a k e  c a k e s  of soap .  

T h i s  i s  a d e e p - s e a t e d  p r o b l e m  I a m  tahking abou t .  You g e n t l e m e n  

have  i t  in  y o u r  own e s t a b l i s h m e n t .  I c a n ' t  g e t  a d i m e  fo r  s o m e  f u n d a -  

m e n t a l  r e s e a r c h  on h igh  t e m p e r a t u r e  tha t  m a y  s o l v e  the  h i g h - e n e r g y  

fue l  p r o b l e m ,  b e c a u s e  i t  i s  p u r e  r e s e a r c h  and  I c a n ' t  p r o v e  wha t  i t ' l l  

do t o m o r r o w .  

G e n t l e m e n ,  w h e n  you u n d e r t a k e  p u r e  r e s e a r c h ,  b a s i c  r e s e a r c h ,  

you don l t  know wha t  i t ' s  go ing  to p r o v e .  So you c a n ' t  w r i t e  a s p e c i f i -  

c a t i o n  and  a s k  m e  to d e ~ i v e r  s o m e t h i n g .  I d o n ' t  know wha t  I ' m  go ing  

to d e l i v e r .  But  I know i t ' s  got  to  be done .  

I ' l l  b r i n g  an e x a m p l e  r i g h t  h o m e  to you in  tha t  one  s t a t e m e n t  r i g h t  
m a y b e  

t h e r e .  You a r e  abou t  t o / t e r m i n a t e  the  h i g h - e n e r g y  fue l  p r o g r a m  in  

P r o j e c t  B - 7 0  b e c a u s e  you put  m i l l i o n s  of  d o l l a r s  i n to  an a p p l i e d  a t t e m p t  

to  m a k e  the  fuel  and  the  r e s e a r c h  w a s n ' t  done .  And  now y o u ' v e  got  

t h o s e  b i g  m o n u m e n t s ,  about  90 m i l l i o n  d o l l a r s  of t h e m ,  and  you c a n ' t  
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m a k e  a n y t h i n g  in  t h e m .  

I d o n ' t  know how to c h a n g e  the  A m e r i c a n  po in t  of  v i e w  on t h e s e  

t h ings ,  o r  y o u r s  in  the  s e r v i c e s .  You can  ge t  a h u n d r e d  m i l l i o n  d o l l a r s  

a d a r n  s i g h t  e a s i e r  t han  you can  ge t  a h u n d r e d  t h o u s a n d  fo r  p u r e  r e s e a r c h .  

So I have  to a n s w e r  a l l  of  y o u r  q u e s t i o n s ,  g e n t l e m e n ,  by s a y i n g  

tha t  you, a s  c i t i z e n s ,  have  to ge t  t h i s  c o n c e p t  i n  the  U n i t e d  S t a t e s  of 

w h e r e  ou r  s e c u r i t y  l i e s .  W h e r e  d id  i t  c o m e  f r o m ?  R e m e m b e r ,  now, 

t h e r e  a r e  d a r n  few t h i n g s  tha t  we m a d e  f i r s t  in  the  U n i t e d  S t a t e s ,  f r o m  

f o u r - w h e e l  b r a k e s  to a u t o m o b i l e s .  T h e y  w e r e  m a d e  e l s e w h e r e .  

C A P T .  FIKE:  M r .  Ward ,  y o u r  m a j o r  p u r p o s e  was  to s t i m u l a t e  

the  i n t e r e s t  of  ou r  s t u d e n t s ,  and  I a m  s u r e  you have  s u c c e e d e d  b e c a u s e  

we have  m o r e  q u e s t i o n s  t han  t i m e  to p e r m i t  a n s w e r i n g  t h e m .  I a m  a f r a i d  

we a r e  go ing  to  h a v e  to b r i n g  t h i s  to a c l o s e .  On b e h a l f  of  the  C o m m a n d a n t  

and  the  s t u d e n t s ,  I want  to thank  you v e r y  m u c h  fo r  a m o s t  s t i m u l a t i n g  

and  v e r y  c o m p r e h e n s i v e  d i s c u s s i o n .  
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